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PRECIS 

RESEARCH  PROGRESS  REPORT 


Title:  ’’Annual  Report:  Automatic  Indexing  and  Abstracting."  Annua]  Progress 
Report,  Office  of  Naval  Research,  Contract  Nonr  4440(00). 

x^ 

Background:  )This  investigation  is  concerned  with  the  development  of  automatic  index¬ 
ing,  abstracting,  and  extracting  systems.  Basic  investigations  in  English  morphology, 
phonetics,  and  syntax  are  pursued  as  necessary  means  to  this  end. 

Condensed  Report  Contents:  The  third  annual  report  on  automatic  indexing  and 
extracting  summarizes  progress  in  three  areas  of  investigation - 

(1)  Application  of  English  word  morphology  to  automatic  indexing 
and  extracting 

(2)  Automatic  indexing  and  information  retrieval  by  the  thesaurus 
method 

(3)  Studies  in  phonetic  English 

The  first  two  areas  were  supported  by  the  Office  of  Naval  Research;  the  studies 
in  phonetic  English  were  supported  in  part  by  the  ONR,  and  in  part  by  grants  from  the 
Lockheed  Independent  Research  fund . 

In  the  first  section  the  theory  and  design  of  the  "sentence  dictionary"  experiment 
in  automatic  extraction  is  outlined-  Some  of  the  computer  programs  needed  for  this 
experiment  have  been  completed;  documentation  for  these  programs  is  included. 

The  second  section  is  a  discussion  of  an  unconventional  information  retrieval 
system  which  may  be  used  to  retrieve  English  or  Russian  technical  literature . 
Specifically,  there  is  a  discussion  of  the  query  language  and  of  the  data  base  struc¬ 
ture.  The  design  of  this  system  is  complete  and  programming  has  begun. 

The  third  section  comprises  a  final  report  in  an  exhaustive  study  of  the  relation 
between  the  orthographic  and  phonetic  forms  of  English  monosyllables.  This  paper 
reports  on  tbe  methods  and  accuracy  of  the  algorithm  to  map  the  orthographic  forms 
of  English  into  the  phonetic  forms  given  by  five  different  phonetic  authorities ,  or  to 
map  the  phonetic  form  given  by  one  authority  into  that  given  by  another  ■ 

For  Further  Information:  The  complete  report  is  available  in  the  major  Navy  technical 
libraries  and  can  be  obtained  frem  the  Defense  Documentation  Center.  A  few  copies 
are  available  for  distribution  by  the  author . 
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This  report  marks  the  completion  of  the  third  year  in  which  the  Office  of  Naval 
Research  has  contributed  support  to  the  research  in  the  Information  Sciences  at  the 
Lockheed  Palo  Alto  Research  Laboratories  of  the  Lockheed  Missiles  &  Space  Company. 
The  first  two  sections  report  on  work  supported  solely  by  the  ONR,  except  for  com¬ 
puter  support  contributed  by  LMSC ,  the  third  section  reports  on  work  supported  largely 
hy  the  independent  research  program  of  LMSC,  with  some  support  in  the  terminal 
phases  from  the  ONR  funds. 

It  is  convenient  to  consider  the  work  reported  here  as  dealing  with  significant  data 
bases.  During  the  first  year  of  the  program,  a  major  part  of  the  effort  went  into 
establishment  of  a  word-data  base.  The  English  Word  Speculum .  which  has  been 
distributed  to  ONR  program  participants,  illustrates  the  nature  of  this  data  base.  In 
the  second  yearly  report,  ani  in  the  present  report,  examples  are  given  of  exploration 
and  application  of  the  word  data  base  and  of  a  phrase  data  base  to  problems  in  lin¬ 
guistics  and  information  analysis. 


The  first  section  of  this  report  documents  how  the  word  data  base  has  been  utilized  in 
the  development  of  a  computer  system  which  creates  a  sentence  data  base  which  will 
be  used  for  further  investigation  of  the  indexing  and  abstracting  process.  This 
sentence  data  base,  scheduled  for  completion  this  year,  will  consist  of  sentences 
selected  from  chapters  of  various  books  provided  with  an  index.  It  will  carry  struc¬ 
tural  information  in  the  form  of  part-of-speech  strings  for  each  sentence,  and  an 
indication  of  the  "significance"  of  each  sentence  as  measured  by  the  index. 


The  second  section  describes  how  an  English/Russian  phrase  data  base  can  be  used 
in  the  development  of  a  technique  for  obtaining  English  indexes  from  untranslated 
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Russian  text.  This  section  also  shows  bow  such  index  terms  can  be  used  to  (orm  a 
data  base  to  support  a  retrieval  system  in  which  syntactic  relationships  can  be  utilized 
in  the  user's  !npul  descriptors. 

The  third  section  documents  how  a  word  data  base  giving  both  orthographic  and  phonetic 
forms  of  words  has  bean  used  to  develop  an  algorithm  for  converting  from  graphic  to 
phonetic  forms. 

The  group  at  Lockheed  takes  this  opportunity  to  express  its  thanks  for  the  continued 
support  and  encouragement  given  by  the  members  cf  the  Information  Sciences  Branch 
of  the  Office  of  Naval  Research. 
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Section  1 


AN  EXPERIMENT  IN  THE  USE  OF  SYNTACTIC  INFORMATION 
IN  AUTOMATIC  EXTRACTING* 

1.1  INTRODUCTION 

There  is  often  a  relationship  between  the  orthographic  form  of  a  word  and  its  syntactic 
function  or  its  meaning-  By  analogy,  it  is  possible  that  there  is  a  relationship  between 
the  syntactic  structure  of  a  sentence  and  the  significance  of  the  sentence .  It  is  impor¬ 
tant  to  establish  whether  or  not  such  a  relationship  does  exist,  and  if  so,  to  discover 
how  it  can  most  easily  by  exploited 

Now  that  an  algorithm  exists  for  assigning  parts  of  speech  to  words,  it  is  practicable 
to  design  an  experiment  for  correlating  automatically  the  degree  to  which  this  structure- 
significance  relationship  exists.  Part  of  speech  can  be  regarded  as  definitive  of  struc¬ 
ture;  a  human-compiled  index  can  be  regarded  as  indicative  of  significance.  Given 
text  for  which  human-compiled  indexes  exist,  it  should  be  possible  to  identify  those 
sentences  which  contain  the  index  reference  phrases  and  those  which  do  not.  Let  us 
designate  as  "indexible"  and  "more  significant"  those  sentences  in  a  text  which  contain 
a  phrase  listed  in  the  index,  and  as  "nonindexible"  those  not  containing  a  phrase  listed 
in  the  index.  By  assigning  a  part-of-speech  category  to  each  word  of  each  sentence, 
sentences  can  be  syntactically  characterized  or  typed  by  the  part-of-speech  strings 
of  their  words.  Then  a  simple  sorting  and  comparing  experiment  will  determine  if 
the  part-of-speech  strings  can  be  used  in  differentiating  between  "indexible"  and 
"nonindexible"  sentences. 

In  carrying  out  this  experiment,  a  sentence  file  will  be  produced  and  then  ordered 
according  to  (1)  the  part-of-speech  strings  of  the  sentences  and  (2)  the  categorization 
of  sentences  into  indexible  and  nonindexible  types.  This  ordered  file  can  then  be 
examined  to  see  if  (1)  there  is  a  manageable  number  of  different  syntactic  sentence 

•Work  on  this  task  was  conducted  by  L .  L.  Earl . 

1-1 

LOCKHEED  PALO  ALTO  RESEARCH  LABORATORY 

IOCKHIIC  ■  I  IS  I  >  I  t  i  Slid  C  O  M  >  *  N  r 

A  GROUP  DIVISION  OP  IOCKMIIO  AllCIAM  CORPORATION 


I 


types,  i.e.,  different  part-of-apeech  strings;  and  (2)  if  there  is  a  partition  between 
sentence  types  categorized  as  indexible  and  those  categorized  as  nonindexible  ■ 


If  there  is  a  manageable  number  of  sentence  types  and  a  complete  partition,  by  type, 
of  indexible  and  nonindexible  sentences,  we  will  have  achieved  a  sentence  file  which 
is  also  a  sentence  dictionary  of  indexible  sentence  types.  This  means  that  if  the 
chosen  corpus  was  sufficiently  representative,  a  type  of  syntactic  extracting  will 
have  been  achieved,  since  any  text  can  be  extracted  by  comparing  its  sentence  types 
with  those  in  the  sentence  dictionary  of  indexible  sentence  types.  If,  on  the  other 
hand,  there  is  clearly  an  unmanageable  number  of  sentence  types  or  clearly  no 
relationship  between  sentence  types  and  index  phrases ,  then  we  will  have  proved  that 
extracting  by  syntax  alone  is  not  practical.  The  actual  result  is  likely  to  lie  some¬ 
where  in  between  and  is  likely  to  suggest  avenues  of  research  by  which  the  partition 
between  indexible  and  nonindexible  sentences  could  be  improved.  Some  possible 
avenues  are  as  follows: 

•  Use  a  system  of  syntactic  analysis  to  find  equivalence  classes  among 
sentence  types  such  that  the  number  of  sentence  types  will  be  reduced 
without  destroying  the  partition  between  indexible  and  nonindexible 
sentences . 

•  Find  a  finer  (as  opposed  to  a  grosser)  classification  of  part  of  speech 
than  that  used  to  produce  more  distinct  sentence  types  with  a  better 
chance  of  partition  between  indexible  and  nonindexible  sentences. 

•  Find  a  way  in  which  other  criteria  (such  as  frequency  counts)  can  be 
combined  or  superimposed  on  syntactical  criteria  to  achieve  a  better 
partition  between  indexible  and  nonindexible  sentences . 

Once  a  satisfactory  partition  between  indexible  and  nonindexible  sentences  has  been 
achieved,  the  next  research  target  will  be  the  identification  of  the  actual  index  phrase 
or  phrases  within  an  indexible  sentence.  If  this  identification  can  be  achieved,  not 
only  automatic  extracting  but  also  automatic  indexing  will  be  possible.  Exploration 
of  this  possibility  should  wait  until  completion  of  the  extracting  experiment. 
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1.2  OUTLINE  OF  EXPERIMENT 


The  necessary  tasks  in  the  extracting  experiment  include  preparation  of  text, 
computer  programming  and  checkout  of  text -handling  routines,  processing  of 
text,  and  analysis  of  results .  Without  regard  for  how  each  step  will  be  carried 
out,  we  can  outline  the  steps  of  the  experiment  as  follows. 

First,  a  corpus  of  indexed  test  must  be  chosen  which  has  sufficient  variety  and 
volume  to  be  a  statistically  meaningful  sample.  Then  each  sentence  must  be 
categorized  as  indexible  or  nonin dexible .  The  text  must  then  be  keypunched  and 
read  into  the  computer  with  this  categorization.  The  part  of  speech  of  each  word 
in  the  sentence  can  then  be  determined  automatically,  and  a  record  can  be  produced 
in  a  storage  device,  giving  the  sentence  itself,  its  length,  its  position  in  the  input 
text,  its  index  categorization,  and  its  part-of-speeeh  string.  When  a  record  has 
been  formed  for  each  sentence ,  we  will  have  a  sentence  file  whose  records  can  be 
ordered  by  part-of-speeeh  string  and  by  categorization.  This  indexed  file  must 
then  be  examined  and  analyzed  as  described  in  the  introduction  to  ascertain  the 
degree  to  which  syntax  can  be  used  in  extracting  and  indexing  text.  Progress  in 
these  tasks  can  new  be  outlined  in  more  detail. 

The  computer  programs  for  the  IBM  360/30  necessary  for  completion  of  the  experi¬ 
ment  can  be  summarized  as  follows: 

(1)  A  routine  to  assign  parts  of  speech  to  words,  by  dictionary  look-up 
for  special-function  words,  by  graphemic  analysis  for  the  bulk  of 
the  language 

(2)  A  routine  to  form  the  part-of-speech  dictionary  on  disk,  of  all  words 
for  which  the  part  of  speech  cannot  be  determined  algorithmically 

(3)  A  routine  to  read  text  from  cards,  isolating  and  organizing  individual 
sentences  for  processing  purposes 

(4)  A  routine  to  create  a  sentence  file  on  disk,  with  each  record  contain¬ 
ing  a  sentence ,  the  part-of-speech  codes  for  the  words  In  the  sentence , 
and  identification,  such  as  the  page  and  sentence  number  and  indexible 
or  nonindexible  categorization 
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(5)  A  routine  to  sort  a  sentence  file  according  to  the  part-of-speech 
codes,  so  that  sentences  of  like  structure  can  bo  compared 

(6)  A  routine  to  print  a  sentence  file,  or  a  portion  thereof 

Of  the  computer  programs  listed,  Numbers  1  through  4  have  been  programmed  and 
checked  out,  and  documentation  is  included  in  subsection  1. 3. 1.  Program  Number  5 
is  being  worked  out.  A  simple  form  of  Number  6  has  been  programmed,  checked  out, 
and  documented,  but  a  more  sophisticated  program  with  more  options  will  probably 
become  necessary. 

The  dictionary  necessary  for  the  part-of-speech  routine  has  been  prepared  and  exists 
on  cards  and  on  tape.  The  random  access  dictionary  on  disk  which  is  used  by  the 
part-of-speech  routine  is  prepared  each  time,  just  before  its  use,  from  the  tape 
version  (approximately  a  4 -minute  task) .  The  compilation  of  the  words  for  the 
dictionary  is  described  in  Section  1.4  of  the  March  1966  annual  report.  There  are 
at  present  916  entries  in  the  dictionary. 

The  selection  and  preparation  of  the  input  text  is  just  as  large  a  task  as  the  compila¬ 
tion  of  the  part-of-speech  dictionary  and  programming  of  the  text-handling  routines . 

The  index  phrases  which  refer  to  the  chosen  text  must  be  identified  and  the  indexible 
sentences  marked .  The  text  must  then  be  keypunched  in  a  format  which  can  be  read 
by  the  computer  program.  (Tl°  keypunching  rules  which  have  been  formulated  are 
given  in  subsection  1.3.2.)  It  has  been  decided  that  10,  000  sentences,  or  about  500 
pages  of  average  text,  should  constitute  a  large  enough  sample  for  the  indexing 
experiment.  A  lesser  sample  will  be  used  initially  to  see  if  it  appears  that  a  relation¬ 
ship  between  syntax  and  meaning  does  indeed  exist  and  if  it  is  worthwhile  pursuing 
the  exact  nature  and  limitations  of  the  relationship. 

Nine  texts  have  been  chosen  so  far  for  the  experiment,  and  the  indexible  sentences 
in  each  have  been  marked.  Keypunching  lias  been  completed  for  four  of  the  texts. 

Each  text  comprises  one  chapter  from  one  of  the  following  books. 
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(1)  A.  Doak  Barnett,  Communist  China  &  Asia,  Challenge  to  Americas  Policy, 
New  York,  published  for  the  Council  on  Foreign  Relations,  Harper,  1960. 

(2)  Ntel  W.  Chamberlain,  The  Firm:  Micro-Economic  Planning  and  Action, 
New  York,  McGraw-Hill,  1962. 

(3)  Charles  foulston  Gillispie ,  The  Edge  of  Objectivity:  an  Essay  in  the 
History  of  Scientific  Ideas,  Princeton,  N.J.,  Princeton  University  Press, 
I960. 

(4)  Walter  James  Greenleaf,  Oecup^ions;  A  Basic  Course  for  Counselors, 
Washington,  D  C.,  Government  '  'ting  Office,  1954. 

(5)  John  G.  Gurley  and  Edward  S  Shaw,  Money  In  a  Theory  of  Finance, 
Washington,  Brookings  Institution,  I960. 

(6)  Robert  L.  Heilbroner,  The  Making  of  Economic  8ociety ,  Englewood  Cliffs, 
U,  Prentice-Hall ,  1962 . 

(7)  Mark  S.  Masael,  Competition  and  Monopoly,  Legal  and  Economic  Issues, 
Washington,  Brookings  Institution,  1962. 

(8)  Robert  M.  Palter,  Whitehead !s  Philosophy  of  Science,  Chicago,  University 
of  Chicago  Press,  1960- 

(9)  S  M-  Siegel,  The  Plant  Cell  Wall  -  A  Topical  Study  of  Architecture, 
Dynamics,  Comparative  Chemistry,  and  Technology  in  a  Biological 
System  (International  Series  of  Monographs  of  Pure  and  Applied 
Biology,  Plant  Thysiology  Division,  Vol.  2),  N.Y.,  Pergamon,  1962. 

All  phrases  in  the  index  which  referred  to  the  chosen  chapter  were  extracted  with 
the  page  reference.  These  phrases  were  then  identified  on  the  referenced  page,  and 
any  sentence  containing  such  a  phrase  was  marked  "indexible  "  Identification  of  the 
phrases  was  done  in  whatever  way  seemed  most  reasonable;  however,  many  problems 
came  up  in  such  identification .  Some  index  entries  in  Communist  China  and  Asia  can 
be  used  to  illustrate  the  difficulties.  One  entry  was  "Foreign  policy,  Chinese 
Communist,  pp.  77-83."  These  pages  contained  specific  examples  of  Chinese 
Communist  foreign  policy  as  well  as  general  statements  about  it-  In  sentences 
containing  both  the  words  "Chinese  Communist"  (or  "Chinese")  and  also  the  words 
"foreign  policy"  (or  "policy"),  both  ph  'ses  were  marked  and  the  sentence  was 
called  indexible.  However,  sentences  were  also  called  indexible  when  the  words 
"foreign  policy"  stood  for  "Chines  Communist  foreign  policy."  (For  example, 
"National  security  is  another  basic  national  interest  which  underlies  Peking's 
foreign  policy.")  Another  entry  was  "Ideology,  Chinese  Communist. "  In  this 


► 
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ctse  any  sentence  containing  either  "Chinese”  or  "Communist”  and  ft  form  of 
"ideology”  (i.e.,  ideological)  was  called  indexible .  For  the  entry  "Ideology  of 
Mao,”  "Maoism,"  "thought  of  Mao-Tse-tung"  and  "Maoist  ideas"  were  all 
accepted  as  index  phrases. 

Thus  an  attempt  was  made  to  identify  as  indexible  all  sentences  whose  thought 
was  concerned  with  an  item  in  the  index.  This  does,  unfortunately  but  necessarily, 
involve  a  subjective  judgement.  Often,  as  in  the  case  of  the  entry  "Ideology  of  Mao," 
the  exact  entry  does  not  occur  in  the  text  at  all .  Even  when  it  does,  it  does  not  seem 
reasonable  to  ignore  other  sentences  containing  concepts  which  the  human  Indexer 
regarded  aa  significant,  albeit  the  form  of  phraseology  differs  slightly  from  that  in 
the  index.  However,  should  the  correlation  between  syntax  and  indexibiiity  prove 
to  be  poor,  one  possibiity  will  be  to  eliminate  the  "indexible"  categorization  from 
all  sentences  in  which  there  is  not  an  exact  match  between  phrase  and  index  entry. 

1.3  EXPERIMENT  DOCUMENTATION 

In  this  section  the  details  of  the  text  "handling  routines  are  documented.  Rules  for 
keypunching  the  text  are  given,  consistent  with  the  reading  routine  developed.  For 
each  checked-out  computer  program  there  is  a  general  description,  input  and  output 
format  description,  listing  of  the  program's  control  cards  or  calling  sequence  for 
running  under  the  BOS  monitor,  and  a  logic  flow  diagram  {Figs.  1-1  through  1-6). 

1.3.1  Program  Documentation 

•  DICT  PROGRAM 

Description:  DICT  is  a  routine  which  r  »ads  dictionary  entries  of  a  prescribed  format 
from  the  card  reader  and  stores  them  in  a  condensed,  coded  form  on  magnetic  tape. 
Logical  IOCS  is  used  for  both  reading  and  writing.  Both  input  and  output  are  double 
buffered.  The  output  tape  can  be  sorted  using  the  standard  SORT -MERGE  program, 
and  this  tape  then  is  the  input  to  DICTF,  which  forms  a  dictionary  on  disk,  for  random 
access  by  keys  Control  cards  for  both  DICT  and  for  the  SOR'" -MERGE  program  are 
given  below. 
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Input  and  Output  Format;  Each  dictionary  entry  is  punched  on  a  separate  card.  The 
word  occupies  columns  1  through  12;  it  is  unlikely  that  function  words  will  be  .longer 
but  if  they  are  they  will  be  truncated.  The  part-of-speech  codes  are  given  by  two- 
character  alphabetic  codes  which  start  in  column  30  and  are  separated  by  bisuiks. 

For  example,  the  word  "after"  which  is  a  preposition,  conjunction,  and  adverb  would 
have  a  PR  for  preposition  in  columns  30  and  31,  a  CJ  for  conjunction  in  columns  33 
and  34,  and  an  AV  for  adverb  in  columns  36  and  37.  On  tape,  each  word  occupies  an 
80-byte  record  of  which  the  first  15  bytes  are  used,  12  bytes  for  the  EBCDIC  codes 
for  the  word  itself,  and  0  bytes  for  a  binary  representation  of  all  the  part-of-speech 
possibilities  of  the  word.  (Eighty-byte  records  were  used  because  redundancies  were 
encountered  using  15-byte  records. )  Each  binary  bit  of  the  3-byte  part-of-speech 
code  represents  a  different  part-of-speech  possibility.  A  1  bit  in  a  given  position 
indicates  the  presence  of  that  particular  part-of-speech  possibility.  The  two -character 
codes  for  part  of  speech  are  given  below,  with  the  corresponding  bit  position  in  the 
3 -byte  binary  code. 


Fvrt  of  Speech 

Alphabetic 

Code 

Binary  Bit 
Position 

From 

Left 

From 

Right 

Ends  in  S 

HS 

24 

1 

Noun-AdiecJve 

NA 

23 

2 

Adjective 

AJ 

22 

3 

Verb 

VB 

21 

4 

Adverb 

AV 

20 

5 

Preposition 

PR 

19 

6 

Conjunction 

CJ 

18 

7 

Pronoun 

PN 

17 

8 

Interjection 

U 

16 

9 

Past  Verb 

PV 

15 

10 

Accusative 

AC 

14 

11 

Present  Participle 

NG 

13 

12 

Past  Participle 

PP 

12 

13 

Negative 

NV 

11 

14 

Auxiliary 

AX 

10 

15 

Future 

FT 

9 

16 

Reflexive 

RF 

8 

17 

Noun  Plural  or 

Collective 

NP 

n 

• 

18 

Article 

AR 

6 

19 
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Thus  the  significant  pari  of  the  tape  record  for  the  word  "after"  will  be  as  follows: 

bytes  1  2  3  4  5  6  7  8  9  10  11  12 
AFTER 

1  T  '  "  ' 

EBCDIC  Codes 

Input  cards  are  read  and  condensed  into  the  13-byte  format  and  written  on  tape  unit 
180,  unblocked,  until  the  IOCS  end-of-file  card  (with  slash  and  asterisk)  is  encoun¬ 
tered,  at  which  time  an  EOF  is  written  on  tape.  Any  cards  with  illegal  format  or 
codes  are  not  written  on  tape;  the  card  image  is  printed  on  the  printer  instead. 

In  forming  a  sentence  dictionary,  the  first  step  is  normally  the  running  of  D1CT, 
followed  by  a  DSORT  run  to  order  the  entries.  The  resultant  tape  is  held  and  can 
be  quickly  converted  to  a  random  access  file  (by  key)  on  disk  by  the  DICTF  program. 

Control  Cards: 


13  14  15 
00  00  7  0 


Hexadecimal 
as  shown 


0003  //  JO*  djgt 

0002  //  f; AT f-  66133  5/13/66 

0003  //  ASSfi\)  S  YS002  »X'  180*  *  T  1  ,  X  ’  90 1 

0004  //  EXFC  L  OAHfrR  i  ft 

0003  /« 

0001  //  JOB  OSORT 

0002  //  OATS  66034  2/3/66 

0003  //  assgn  svsooo.x'iao' *Tifx*90*' 

0004  //  VOL  S VS001 , SORTW 

-P0&5 _ U  ElAS _ »BX  BOS  SORT  WORK  AREA _ 1094737*. 

0006  0001, 6534V, 65349. *0000000000000* 

0007  //  XTENT  1 ,000,0001000,0199009, *094737* , SYS001 

0008  //  ASSGN  SvS002,X* 180*,T1 iX*90* 

0009  //  exec 

0010  OPTION  ME  S  SAGES*  SYSL  ST .PRINT, STORAGE  *  1 6000 1  LABE  L* (U , U ) 

■flflJLl - 1-NPEli  1  NPUT-T , VOLUHE-1 .BLKS 1 7E«  1  flO .X  I _ 

0012  OUTFIL  OUT  PUT  »T , BLK $  I ZE-80 

0013  RECORD  TVPE*F,LENOTh»( 801 

0014  SORT  FIELDS*) 1,12, AJ.FORNai-CH. SIZE-1000  _  _ 

0015  END 


£ 
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BEGIN 

Open  CARDIN  sad 
TAPEOUT  files 


Read  a  card.  Register  10  EOF 
set  by  IOCS  to  location  of 
the  current  card  buffer 

^  not  EOF 

Move  columns  I  - 12  of  card 
into  bytes  1  -12  of  output  area 


Close  CARDIN  and 
TAPEOUT  files 
and  return  to  BOS 


Clear  bytes  13- 15  of  the  output 
area  for  the  part -of -speech  code 


Ar«  the  2  bytes  starting  at  the  ^ 
address  gives  by  RIO  {register  10) 
.  +  29  blanks? 


Write  the  output 
area  on  tape 


I 


Do  those  2  bytea  match  with  aayN 
of  the  entries  la  the  PSTAB  table?  ( 
.  (Part  of  Speech  table)  J 


IXimp  the  card 
input  area 


"OR"  the  part-o  1-apeech  bit 
corresponding  to  the  matching 
entry  into  the  output  area, 
bytes  13-15 


Step  RIO  by  3  to  gat  address 
of  next  part -of- speech  code 


Fig.  1-1  DICT  Program  Flow  Diagram 


LOCKHEED  PALO  ALTO  RESEARCH  LABORATORY 

l  O  C  l  N  I  »  0  HI  II  II  I  i  *  IMC  I  COMPANY 

A  Giouf  DIVISION  O  »  tOt  MIID  AiICDaM  co^OIaHon 


*  1SCTF  PROGRAM 


Desert  ptioa:  DiCTF  takes  the  sorted  output  of  D1CT  from  tape  180  and  forms  a 
random  access  file  on  disk,  using  logical  IOCS-  Both  Input  and  output  are  double 
buffered-  lighty-byte  records  are  input  from  the  tape;  the  first  15  bytes  (the  only 
significant  bytes)  are  used  unchanged  to  form  15 -byte  disk  records.  The  first 
12  bytes  (the  EBCDIC  word)  become  the  key  by  which  the  record  can  be  accessed 
and  die  last  3  bytes  (the  part-af-speech  codes)  constitute  the  argument  supplied 
when  the  record  is  accessed. 


Error  Messages:  A  dump  is  supplied  if  the  disk  file  is  successfully  built  and 
closed.  If  errors  are  encountered,  the  15-byte  error  records  are  dumped,  headed 
by  a  code  to  indicate  the  nature  of  the  error.  These  codes  are  as  follows: 


INDEX  FULL 

DISKERR 

DISKFUL 

DUPREC 

ORDER 

LENGTH 

TAPEERR 


cylinder  index  area  is  full 
uncorrectable  disk  error 
prime  data  area  on  cylinder  is  full 
duplicate  record  in  input  data 
sequence  error  in  input  data 
length  error  in  input  data 
error  in  reading  input  tape 


The  15-byte  error  dump  is  followed  by  a  full  dump  and  control  is  returned  to  BOS. 

Input  and  Output  Format:  The  input  format  is  given  under  the  D1CT  documentation, 
where  it  is  the  output  format. 


Output  records  are  unblocked.  They  consist  of  a  key  area  of  15  bytes,  the  EBCDIC 
coded  word,  and  a  data  area  of  3  bytes,  comprising  the  part-of-speech  code  as  des¬ 
cribed  in  the  DICT  documentation-  Recorcs  are  stored  and  indexed  by  logical  IOCS 
for  random  access,  in  the  disk  areas  specified  by  the  XTENT  curds-  (See  control 
cards  below.)  A  track  index  is  formed  in  the  area  given  by  the  XTENT  4  card; 
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no  master  index  is  used.  The  XTENT  i  card  gives  the  primary  data  area  aad  the 
XTENT  2  card  gives  the  overflow  data  area. 


Control  Cards:  Note  that  for  BOS  version  6-  2,  the  name  in  the  DLAB  card  must  be 
changed  with  each  run,  due  to  a  bug  In  logical  IOCS. 


0001  //  JOfl  OJCTf 


0002 - _  //  jl>* T£^620Lijyi5/6S_-JiahjDAl _ _ _ 

0003  //  VOL  SvSOOttSOICT 

0004  //  DLAB  *  SDICTll  i09<4737», 

-0005 - aQQ-L.AAJOQ„  AAinfl.  »flOfinnnnfiftfinnnt _ 

0006  //  XTENT  <►, 001,0101000,010300V, *09*737* .SVS001 

0007  //  XTENT  i, 002, 0104000,0115009,  *094737*  .SYS001 

OOQt_  //  XTENT  2.003, 011*000,0 1 25003 ,  *0947^7 » .SYSOP 1 _  ... 

0009  //  exec  lcwdeb.r 

ooio  /* 


c 


•*.  m 
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! 


BEGIN 


END 


Fig.  1-2  DICTF  Program  Flow  Diagram 
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•  RSENTR  (Read  Sentence  Routine)  PROGRAM 
Program  Entry:  RSENT 

Description:  RSENTR  is  a  subroutine  which  reads  text  from  cards,  providing  one 
sentence  to  the  using  routine  each  time  it  is  called.  Double  buffering  is  used  in 
reading  text  under  the  logical  IOCS  system;  both  buffers  are  set  aside  within  the 
RSENTR  program  and  are  of  no  concern  to  the  using  routine.  The  sentence  provided 
to  the  user  is  stored  as  designated  in  the  calling  sequence,  and  a  "map"  is  provided 
with  the  location  and  length  of  each  word.  RSENTR  also  provides  the  using  routine 
with  the  page  and  sentence  number  of  each  current  sentence ,  the  number  of  words 
in  the  sentence,  and  an  indicator  which  shows  whether  or  not  the  sentence  was  marked 
indexible . 

Calling  Sequence: 

L  15  =  V(RSENT) 

BA  LR  14,  15 

DC  Y(PAGE) 

DC  Y(SENTBUFF) 

DC  Y(SENTMAP) 

DC  Y(INDIC) 

DC  Y(ERROR) 

DC  Y(EOF) 

Normal  return 

PAGE  name  of  the  location  where  page  number,  sentence  number,  and  number 

of  words  will  be  stored,  2  bytes  for  the  page  number  followed  by  1  byte 
each  for  sentence  number  and  nur  ber  of  words. 

SENTBUFF  name  of  the  location  where  the  card  image  (EBCDIC)  will  be  stored. 

A  1000-byte  buffer  is  recommended. 
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SENTMAP  location  of  a  map  giving  the  location  and  length  of  each  word  in  the 
sentence.  There  is  one  full  computer  word  in  the  map  for  each 
English  word  or  mark  of  punctuation  in  the  sentence;  the  first  half¬ 
word  contains  the  location  of  the  English  word  or  mark  of  punctuation 
and  the  second  half-word  contains  the  number  of  bytes  occupied  by 
the  word.  The  first  full  word  corresponds  to  the  first  English  word, 
the  second  to  the  second  English  word,  etc. 

INDIC  location  of  a  byte  in  storage  which  will  be  set  to  I  if  the  sentence  is 

indexible,  or  to  N  if  it  is  not. 


ERROR 

EOF 


an  error  return,  which  is  not  currently  being  used-  The  computer 
will  stop  or  give  a  dump  on  .rror. 

the  EOF  return;  all  sentences  have  already  been  processed. 


Input  Format:  If  it  is  desired  to  set  the  initial  page  number  at  a  value  other  than 
zero,  the  first  card  should  have  a  $  in  column  1  and  the  page  number  in  columns 
2  through  6,  all  of  which  must  be  punched.  The  page  number  can  be  made  to  identify 
the  text  by  adding  a  large  constant,  e  g.,  if  text  1  starts  at  page  256  of  book  A  and 
text  2  starts  at  page  1001  of  book  B,  the  initial  card  for  text  i  can  read  $10256  and 
for  text  2,  $21001.  The  page  number  will  be  stepped  by  1  and  the  sentence  count  reset 
to  zero  every  time  a  card  with  a  $  in  column  1  (and  the  rest  blank)  is  encountered. 

Text  is  punched  free  form  in  columns  1  through  72,  except  that  each  sentence  must  be 
followed  by  either  two  blanks,  or  one  blank  plus  one  dollar  sign.  If  a  dollar  sign  is 
present,  tne  sentence  will  be  identified  as  indexible.  (See  Calling  Sequence.) 

Detailed  rules  for  keypunching  are  given  in  subsection  1.  3.2.  The  EOF  card  has  a 
slash  in  column  1  and  an  asterisk  in  column  2. 


Output  Format:  Sse  Calling  Sequence. 

Control  Cards:  RSENTR  is  a  subroutine  stored  in  the  relocatable  library.  An 
INCLUDE  RSENTR  must  follow  the  PHASE  card  of  the  using  program. 
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BSCKTB  BEGIN 


bl  M  •  P..G1  iMr«N 

m  -  srwr  tu  rr  «Mtim 

B7  •  MCNTliAP  tddrooo 
M  •  Dine  MMrm 


CWv  snm&AP  Wl«r  mi 


8*1  HU  to  poiat  to 
ivtti  roly  mn 


Mart  I  la  fc!a 
IVDfC 


Btorr  N  la 

IKDIC 


Of*r*  CAJUE*  fUo 


RSEKTR  exit 


! 

T normu  ntum 
to  jtinp  routio* 

i 

i 

Sterr  R|)  li  Cl 

9t art  RK  in  EXDC1 

zn 

Slur*  pa«f  and  a#  wane*  aura  bar 
turf  roropetr  *ad  *u>r*  tba  aumbrr 
of  a-ord*  in  lb*  Malacca 

cio#*  CAnsxv  Mt 
TiAr  EOF  roturn  to 
unnf  rotmrw 


CAM**  llio  airoady  « 


^12 1/  l»«^  *  Mrt  aod  ]}/  flap  Bll  w*U  It  potaft*  U  ott tear 

r^\  l*“  Eor _ /  \  >  ocobtaofc  oofa-t  or  oofaoMi  72 


V  ooIum  1  / 

_Eze_ 


Go  to  p*r*  rootiaa  to  oot 
cr  atop  pap*  uabar 


•«  Cl  oq*aJ  to  i«tim  *4 

oolusut  1  oi  cur root  card 


ft*  EKDCt  to  nMnu  of 
ooiuao  71  of  curroat 


Load  Bll  Irw  <3 
Load  *14  fre»  ERDCT 


—  /  li  oar  root  < 
a  blook? 


i  (Bll) 


I 


> 


Load  Bid  fra®  Bill 

<Mop  Bll  aatU  it  poutr  to  \ 
ottbor  a  blook  or  eofauao  72  i 


Dew*  Bll  poial  to 
of  paoeaaMioa? 


Bup  B1 
Bit  to  pat 


1  k?  1  Mri  nturM  >"*  / Do»»  me  .  »m  I  »  .  Iiik\ 
pat  toagth  *1  la  Bll  "*  \  paoctmaioa  Ua  oauro  aarty 


PAGE  roatuo  BEGOT 


Caaaya  tarn  of 
coIuom  ft  to  a  pi  a* 


I 


Bov*  word  Md  toUowmg 
blook  into  sofTBurr 


■top  111  by  1  to  f«t 
trwo  loogtk 


Pack  pat*  BMinbor  (!■  etlani 
2 -ft;  late  TEMP 


Coo**r1  TEMP  to  ternary 
a ad  teorr  in  PAGE  BO 


Batura 


laort  locauoa  aod  loaffft  of 
ward  la  IEBTMAP 


Mop BKXTBUrr 
BCKTMAP  «hora(o  adMaoa 


Add  Bit  to  Bll  to  fM 

addrooo  of  wool  mimmm 


/  e»  M  •  UTOIC  mUrr  »T\  I  J*T.r  '  ^  7"  ^  \  . 

- (  p-[  *•££.  V- 


•Up  Bll  by  1  to  got 
uwo  loogtb 


cf  ward  to  8SBTMAP 


BoftRmurr 
•BrntAP  at  or  ago  addtiao 


|  PUwaUowtaMorward  ] 

dot  Bit  •  Bit* Bll  to  «at 
Uoattoa  of  MMMMi 

oat  Bll  •  I  -1  of 


tot  Bll  •  Bit*  i  to  f* 
iddraaft  of  mol  polaaa 

— 

Mop  StRTBUYT. 
SEBTMAP  taorago 

ttfo  KBTM'Pr 


Fig.  1“3  HSENTH  Program  Flow  Diagram 
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•  POS  (Part  of  Speech)  PROGRAM 


Description:  POS  is  a  subroutine  whim  t-'.-rmines  the  parts  of  speech  of  the  English 
word  whose  location  and  length  are  given  in  register  10,  storing  the  part -of -speech 
code  in  the  location  specified  by  register  11.  POS  uses  logical  IOCS  to  look  up  each 
word  in  the  indexed  sequential  dictionary  file  (on  disk)  produced  by  DICTF.  For  all 
words  not  in  the  dictionary,  the  parts  of  speech  are  determined  by  analyzing  the 
graphemic  structure  of  the  word  as  described  in  Section  1 . 4  of  Part  I  of  the  1966 
Annual  Report. 

Input  and  Output  Format:  POS  assumes  that  the  address  and  length  of  the  word  wucse 
parts  of  speech  are  to  be  determined  are  in  a  location  specified  by  RIO  (register  10)  - 
The  first  2  bytes  of  the  full  word  specified  by  RIO  give  the  address  at  which  the 
English  word  is  stored  and  the  second  2  bytes  give  the  number  of  letters  in  the  word. 

The  part  of  speech  codes  assigned  by  POS  sure  the  same  as  those  described  in  the 
DICT  documentation.  This  3-byte  code  is  stored  into  the  location  specified  by  Rll. 

Calling  Sequence:  POS  is  entered  at  POSBEGIN  with  a  calling  sequence  such  as: 

L  15,  =  V  (POSBEGIN) 

BALR  14,  15 

RETURN 

Any  program  using  POS  must  have  the  VOL,  DLAB,  and  XTENT  cards  which  define 
the  dictionary  file.  (See  DICTF  and  SENDICT  documentation.) 

Programming  Notes:  POS  makes  use  of  several  specially  defined  macros,  as 
described  below . 

1.  £loc  $AFIX  £AFFIX,  ^LENGTH,  £POS 


1-16 


LOCKHEED  PALO  ALTO  RESEARCH  LABORATORY 

lOcrMiio  Minim  t  s  *  a  c  s  company 

A  6  I  O  -J  f  D  !  V  I  $  I  0  H  Of  tOClMflO  AIICIAM  COMMOftAtlON 


This  macro  puts  the  letter  string  £AFFIX,  which  has  a  length  £  LENGTH  at  the 
location  C  LOC.  Immediately  after  the  string  it  stores  the  3-byte  code  for  the  parts 
of  speech  indicated  by  £pos.  C POS  may  have  one  of  the  following  values: 

A  adjective 

N  noun 

V  verb 

NV  noun  and  verb 

PV  past  verb 

NG  present  participle 

PP  past  participle 

NP  noun  plural 

MNV  noun  and  verb,  becoming  noun  only  for  words  of  4  or  more  syllables 

AJV  adjective  and  adverb 

If  £POS  is  blank,  a  zero  is  stored  instead  of  a  part-of-speech  code. 

2.  £loc  $ENDT 

This  macro  stores  a  hexadecimal  FF  at  £LQC .  This  is  the  code  POS  uses  for 
ending  a  table. 

3.  £loc  $letr  £r,  £yes,  £no,  £lenx,  £string1(  £len2,  £string2... 

This  macro  generates  a  code  for  checking  the  nth  letter  in  the  KERNEL  buffer  (where 
n  is  in  register  £R)  against  the  letter  string  ^STRING  of  length  £LEN,  with  a 
transfer  to  £YES  if  a  match  occurs  or  to  £NO  if  it  does  not.  £LEN  and  ^STRING 
can  be  repeated  in  pairs  to  check  for  more  than  one  string  (the  OR  condition).  Thus 
if  R8  =  3,  $LETR  8,  YES,  NO,  1,  A,  2,  ES,  1,  B  will  result  in  a  transfer  to  YES  if 
the  third  byte  in  the  KERNEL  buffer  starts  the  sequence  A,  or  ES,  or  B.  Otherwise 
a  transfer  to  NO  will  result.  If  either  £YES  or  £NO  is  left  out  the  transfer  will  be 
to  the  next  instruction  in  sequence. 
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4.  £UOC  $LETN  £h,  CYES,  £nO,  fLEN^  £  STRING, ,  £LEN,,(  £sTRING2  . . . 

This  macro  is  identical  to  $LETR  except  in  the  designation  of  the  letter  to  be  checked. 

In  $LETN,  n  is  given  by  £N;in$LETR  n  is  given  in  register  CR . 


•• » 
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Fig.  1-4  Part-of-Speoch  Program  Flow  Diagram 

1-19 

LOCKHEED  PALO  ALTO  RESEARCH  LABORATORY 


Fig.  1-4  Part-of-Speech  Program  Flow  Diagram  (Cont. ) 
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*  SENDICT  (Sentence  Dictionary)  PROGRAM 


Description;  SENDIC  creates  a  sentence  file  on  disk,  with  each  record  of  the  file 
representing  one  sentence.  SENDIC  assembles  each  sentence,  its  part-of-speech 
strings,  and  its  identification  into  a  variable  length  record,  and  uses  logical  IOCS 
to  form  a  blocked  sequential  file  of  these  records.  RSENTR  is  used  to  read  the 
sentences  from  cards  and  POS  is  used  to  assign  part-of -speech  codes  to  the  words. 

Input  Format;  Data  input  is  as  for  RSENTR. 

Output  Format:  Each  variable-length  record  corresponds  to  one  sentence.  The 
blocksize  is  currently  set  at  2728  bytes,  set  by  consideration  of  the  requirements 
for  using  the  IBM  disk-sort  routine  for  SENSORT  (not  yet  completed) .  The  else 
of  each  record  is  calculated  and  stored  by  SENDIC;  logical  IOCS  accumulates  as 
many  records  a*,  possible  into  a  block.  The  record  format  is  as  follows; 


Field 

Number 

Number 
of  bytes 

Description 

0 

4 

First  16  bits  give  the  total  record  length  in 
bytes,  right  justified;  logical  IOCS  uses  the 
second  16  bits 

1 

1 

The  character  I  or  N  for  indexible  or  not 
indexihle 

2 

2 

The  page  number  in  binary,  right  justified 

3 

1 

The  sentence  number  in  binary,  right  justified 

4 

1 

The  number  of  English  words  in  the  sentence, 
in  binary,  right  justified 

5 

3M  where 

M  =  number 
of  English 
words 

The  part  of  speech  codes  for  the  words, 

3  bytes  each 

6 

Variable 

The  sentence  in  EBCDIC 
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C^ontroi  Cjt rd>:  Cards  19  through  22  are  representative  data  cards;  see  the  data 
hQput  section  of  the  RSENTR  documentation. 


0001  //  JOS  S6N0JCT 

- JJ„DATi  6617?  t/tUti. 

0005  //  VOL  SVSOOtrSOlCT 

0004  u  OLAB  *  SOICIi 1 

aofl*  .  . . ..  .attai.fcAiiKifVffffl, 


»Qafiflflflonflnnaaj 


if  *7®»T  4,001 *0101000,0103009, *004757 * , SYS001 
0007  //  XT CM  1,002, 0104000,0115009, »09*T37* iSVSOOi 

oo§f - 

ooio  //  slab  »  sentfilei 

itfili . . . . Jggl«aA10Q>aAlQO.  »DQQnonnnnnnrm» 


10947J?*, 


109473?  * , 


0012 

0013 

Ml*.. 

0015 

0016 


ti  XTENT  1,000 ,0001000 ,010000 9, * 09473 7 • , S V SCO l 
//  EXEC  LOAOEft 

- - fMSI-ULMiCjl _ _ 


oola 

0019 

M25_ 


include  rsentr 
INCLUDE  SEND IC 
JLMUlgE  PQ5. 


0021 

0022 


ENTRY  SOST ART  - - ■— 

*00200 

.CXAPJM..  U — 4Rtt-„U.fJLi_.MP-_f  XPEft  1H6NT . _ 

PHYSICS  HAS  BEEN  THE  CUTTJNO  EDGE  OF  SCIENCE  SINCE  GALILEO,  AND  ITS 
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Fig.  1-5  SENDICT  Program  Flow  Diagram 
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•  SENtttT  (Sentence  Interpretation)  PROGRAM 


Description:  SENINT  is  a  program  which  reads  sentence  records  from  the  disk 
file  produced  by  SENDIC  or  SEN  SORT,  interprets  them,  and  prints  the  sentences 
and  sentence  information  on-line-  SENDIC  (see  writ  e-up)  is  the  program  which 
produces  the  original  sentence  file.  SENSORT  (not  yet  completed)  processes  the 
original  sentence  file  to  produce  an  ordered  sentence  file.  SEN1NT  is  currently 
being  revised  to  take  its  input  from  tape  as  well  as  from  disk. 

Input  and  Output  Format:  The  input  format,  i-e.,  the  format  of  the  sentence  file  on 
disk,  is  identical  to  the  output  format  of  SENDIC .  The  XTENT  card  of  the  SEN1NT 
job  must  be  the  same  as  the  XTENT  card  used  when  the  file  to  be  interpreted  was 
produced .  Normally,  this  XTENT  card  will  be  that  used  for  the  output  file  of  the 
SENDIC  or  SENSORT  run. 

The  output  is  on-line,  on  the  printer.  Two  sentences  are  output  on  each  page,  one 
at  the  top  and  one  at  midpage.  The  first  line  gives  the  sentence  category  in  column  2 
(I  for  indexible,  N  for  nonindexible) ,  the  page  number  in  columns  9  through  16,  and 
the  sentence  number  in  columns  25  through  32.  The  second  line  is  blank.  Starting 
with  line  three,  the  part -of -speech  codes  for  the  words  appear;  a  sla?'  separates 
the  parts  of  speech  of  one  word  with  those  of  the  next .  Following  the  parts  of  speech 
there  are  three  blank  lines.  The  next  and  as  many  following  lines  as  necessary 
contain  the  sentence. 

Control  Cards: 


0001  //  JOB  SENINT 

00Q2 _ <1.  DATE  662  ft4  10/11/66 _ _ _ _ _ 

0003  //  VOL  SYS001 ,SENTFL 

0004  //  DLA8  *  SENTPILE1  1094737',  C 

0005 _ 0001  ,66100.66100.  *0000000000000 ' _ 

0006  //  XTENT  1,000,0001000,0100009, *094737' ,SVS001 

0007  //  EXEC  LOADER 

000 ft _ PHASE  SENINT, S.  .... _ _ _ _ _ _ _ 

0009  INCLUDE  SENINT 

0010  ENTRY  SISTART 
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BEGIN 


Fig.  1-6  SENINT  Program  Flow  Diagram 
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1.3.2  Keypunching  Rules 


1.  At  the  end  of  each  page,  following  the  last  sentence  which  begins  on  that  page, 
punch  a  card  with  a  $  in  column  1  and  the  rest  of  the  card  bis  -k. 

2.  The  text  should  be  punched  more  or  less  naturally  in  columns  -  through  72,  as 
in  typirg ,  except  .hat  the  following  rules  must  be  observed . 

(6)  Each  sentence  roust  end  with  a  period,  exclamation,  or  question  mark 

followed  by  either  two  blanks,  or  if  there  is  a  red  $  following  the  sentence, 
by  one  blank  and  then  one  $.  There  may  be  any  number  of  blanks  before 
the  beginning  of  the  next  sentence  • 

(b)  Do  not  split  a  word  between  cards.  Make  sure  that  the  last  word  terminates 
at  or  before  column  72  and  leave  the  rest  of  the  card  blank.  Words  must  be 
separated  by  one  blank.  More  blanks  are  O  K. 

(c)  Punctuation  will  usually  be  handled  as  in  typing,  punched  immediately  follow¬ 
ing  the  word  preceding,  but  inserting  a  blank  in  front  of  the  punctuation  will 
be  O.K. 

(d)  ADy  mark  of  punctuation  other  than  a  hyphen  should  be  followed  by  a  blank. 
Thus  should  there  be  contiguous  marks  of  punctuation,  separate  them  by 
blanks . 

(e)  Do  not  punch  elipsis  marks  or  use  periods  or  question  marks  followed  by  a 
blank  in  any  other  capacity  than  to  terminate  a  sentence. 

(f)  Quotation  marks  follow  the  rules  given  in  (c)  and  (d) ,  except  read  Rule  4 
below . 

For  example: 

col  12  3 

the 

or 

col  1  2  3 

the 


4  5  6  7  8  9  iO  11  12  18  19 

word  "  biology" 


4  5  6  7  8  9  10  11  12  18  19  20 

word  "  biology  " 
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If  a  comma  had  been  included 


col  1  2  3  4  5  6  7  8  9  10  11  12  13  19  20 

the  word,  "  biology” 

3.  The  codes  used  for  special  characters  are  as  follows: 


Name 

Symbol 

Punch 

period 

12-8-3 

less  than 

< 

12-8-4 

left  paren 

( 

12-8-5 

plus 

+ 

12-8-6 

ampersand 

& 

12 

exclamation 

I 

11-8-2 

dollar  sign 

$ 

11-8-3 

asterisk 

* 

11-8-4 

right  paren 

) 

11-8-5 

semicolon 

» 

11-8-6 

hyphen 

- 

11 

comma 

» 

0-8-3 

percent 

% 

0-8-4 

dash 

- 

0-8-5 

greater  than 

> 

0-8-6 

question  mark 

? 

0-8-7 

colon 

: 

8-2 

apostrophe 

i 

8-5 

equals 

= 

8-6 

quotation  mark 

It 

8-7 

These  are  standard  codes  for  the  IBM  360  computer . 

4  Unfortunately,  the  punctuation  rules  (c)  and  (d)  do  not  apply  if  a  quotation  mark 
ends  the  sentence.  The  question  mark  and  the  terminal  punctuation  must  be 
punched  adjacent,  with  the  quotation  first.  For  example:  end."  must  be  punched 

col  65  66  67  68  69  70  71  72 
END  " 

5.  Punch  titles  like  sentences,  supplying  a  period. 
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Section  2 
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AUTOMATIC  RE  TRIE  /AL  OF  ENGLISH  AND 
RUSSIAN  TECHNICAL  TEXT* 


2.1  INTRODUCTION 

The  following  pages  describe  the  design  of  a  real-time  information  retrieval  system 
for  the  IBM  360/30.  The  system  will  be  capable  of  retrieving  Russian  or  English 
technical  literature  in  response  to  English  queries.  The  system  will  run  under  the 
LACONIQ  time-sharing  monitor  (Ref.  2-1) .  The  system  will  utilize  an  IBM  2260 
cathode  ray  tube  and  typewriter  console  for  input/output .  The  system  will  be 
checked  out  with  a  small  data  base  representing  first  50,  then  100,  physics  articles. 

Indexing  and  information  retrieval  are  intimately  linked  and  it  will  be  shown  how  the 
structure  of  the  data  files  follows  directly  in  conception  from  the  Russian  to  English 
Indexing  System  (Ref.  2-2)  described  in  the  annual  report  for  last  year. 

The  Russian-to-English  Indexer  provides  for  complex  cross  indexing .  This  deep 
level  indexing  allows  the  establishment  of  an  extensive  network  of  syntactic  relation¬ 
ships  between  many  of  the  index  items .  This  syntactic  information  is  retained  in  the 
structure  of  the  retrieval  system's  data  file.  This,  in  turn,  allows  retrieval  of  a 
document  according  to  syntactic  relatedness  of  terms  within  it,  as  opposed  to  mere 
existence  of  the  terms  within  the  document. 

Although  the  retrieval  system  has  been  designed  to  operate  upon  output  of  the  Russian- 
to-English  Indexer,  it  will  be  seen  that  since  this  output  is  in  fact  an  English  index, 
the  retrieval  system  could  be  used  to  retrieve  English  material  as  well  as  Russian 
material.  The  query  language  and  the  file  structure  will  be  discussed  separately. 


•Work  on  this  task  was  conducted  by  H.  R.  Robison. 
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2.1.1  Search  Strategies 


Hie  search  strategy  generally  used  is  information  retrieval  systems  is  that  of 
coordinate  or  inverted  file  searching.  In  such  a  search,  the  user  normally  formu¬ 
lates  Ms  request  as  a  Boolean  string  of  descriptors  where  the  descriptors  are 
words  or  phrases  used  to  index  the  document  collection.  Retrieval  then  consists  of 
finding  those  documents,  or  names  and  sources  of  those  documents,  which  satisfy 
the  conditions  of  the  Boolean  expression. 

The  drawback  to  a  Boolean  search  where  word/ phrase  descriptors  are  used  to 
formulate  the  Boolean  expression  is  well  known.  If  a  user  is  interested  in  retrieving 
articles  having  to  do,  say,  with  the  direction  of  proton  polarization  he  uses  as  his 
descriptors 

direction 

proton 

polarization 

If  the  Boolean  search  informs  him  that  there  are,  say,  ten  such  documents,  all  that 
the  user  knows  is  that  ten  documents  contain  the  words  direction,  proton,  and 
polarization.  Whether  the  words  are  related  to  one  another  and  how  remains 
unknown. 


Attempts  to  solve  the  problem  of  relatedness  have  led  to  the  use  of  various  formulas 
which  attempt  to  quantify  the  relatedness  of  words,  generally  by  some  type  of  word- 
frequency  count  of  index  items  in  the  document  collection. 

2.1.2  Syntactic  Relatedne ss 

Tne  approach  used  here  is  to  attempt  to  establish  relatedness  of  index  items  by  syn¬ 
tactic  means.  Thus  the  phrase  direction  of  proton  polarization,  if  it  occurs  in  text, 
is  regarded  as  a  single  entity  because  of  its  syntactic  structure.  Proton  is  an 
adjective  modifying  polarization.  The  noun  phrase  proton  polarization  is  the  object 


. '» 
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of  the  pi  eposition  of  and  the  prepositional  phrase  of  proton  polarisation  modifies  the 
noun  direction.  Text  words  need  not  be  contiguous  to  be  syntactically  related  for  here 
the  phenomenon  of  syntactic  government  (Refs.  2-3,  2-4)  exists  to  distribute  syntactic 
relationships  throughout  an  entire  sentence.  For  example,  the  government  pattern 
for  comparison  is 

comparison  of  S/  with  S 

which  may  be  used  to  link  widely  separated  elements 

Even  more  convincing  is  the  comparison  of  the  observed 
number  of  particles  which  have  passed  through  both  plates, 
and  which  have  retained  after  the  second  plate  a  momentum 
greater  than  19. 3  MeV  with  the  expected  numbers  of  particles 
of  various  masses. 

The  retrieval  system  under  discussion  has  the  unique  feature  of  allowing  the  user  to 
syntactically  combine  his  input  descriptors,  to  insert  prepositions,  and  to  search  the 
file  with  this  combination.  Thus  the  input  descriptor  could  be 

direction  of  proton  polarization 


rather  than 

direction,  proton,  polarization 

If  the  system  responds  that  ten  documents  contain  the  descriptor  in  question,  the  user 
knows  that  they  contain  the  descriptor  as  he  formulated  it  -  direction  of  proton 
polarization.  This  is  made  possible  because  the  entire  tile  structure  is  cross  indexed 
according  to  the  syntactic  relationships  of  the  index  items  contained  in  it. 

This  file  structure  permits  a  direct  search  for  documents  and  also  allows  the  user  to 
browse  through  it  syntactically. 


2,  2  THE  QUERY  LANGUAGE 


The  user  is  provided  with  several  commands  which  he  may  use  to  compile  his  own 
descriptor  list,  then  search  or  browse  through  the  file. 
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ENTER  Dl,  D2  , . . .  (Descriptor  1,  2,  etc. ) 

LIST 

ADD  Dl,  D2  , . . , 

DELETE  Dl,  D2  . 

CALCULATE  Dl,  D2,.., 

DISPLAY  X  (X  is  any  number  of  titles  containing 
the  descriptor  or  any  number  of  index 
items  containing  the  descriptors) 

MORE 

WRITE 

The  descriptor,  D,  may  be  used  as  the  actual  descriptor  word  or  it  may  be  used  as 
the  number  that  represents  the  word  in  the  user's  descriptor  list.  The  commands  will 
be  explained  and  illustrated  In  the  display  frames  that  follow.  The  particular  sequence 
used  in  the  example  was  arbitrarily  selected  for  illustrative  purposes. 

ENTER  Dl,  D2  . . . . :  The  user  must  select  descriptors  to  describe  his  search  topic 
and  type  these  words  on  the  keyboard.  This  command  causes  the  descriptors  Dl, 

D2  , . . ,  to  be  entered  in  the  user's  Descriptor  List. 

LIST:  This  command  causes  a  visual  display  of  the  user's  Descriptor  List  to  be  dis¬ 
played  on  the  scope  of  the  2260. 

For  each  descriptor  entered,  the  system  will  compute  the  number  of  documents 
containing  the  descriptor  and  the  number  of  index  items  containing  the  descriptor. 

For  example,  proton  might  occur  in  25  documents  of  the  collection  and  in  40  index 
items  in  the  collection.  Display  1  shows  user  input  and  system  response  to  the  ENTlR, 
LIST  sequence. 

It  may  now  occur  to  the  user  that  it  would  be  worthwhile  to  see  a  display  of  proton 
spectrum  rather  than  proton  and  spectrum.  This  is  accomplished  by  an  ADD  command 
(Display  2).  This  display  illustrates  how  the  user  car  join  hie  descriptors  in  natural 
syntactic  units. 
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ENTER  PROTON,  SPECTRUM,  DEUTERON  BOMBARDMENT, 
HYDROGEN,  HELIUM 


LIST 

DESCRIPTOR 

! .  PROTON 

2.  SPECTRUM 

3.  DEUTERON  BOMBARDMENT 

4.  HYDROGEN 

5.  HELIUM 


NUMBER  OF 
DOCUMENTS 

25 

75 

12 

BO 

60 


NUMBER  Of 
ITEMS  CONTAINING  D 


40 

100 

20 

100 

125 


Dlspiay  1 


ADD  PROTON  SPECTRUM 


DESCRIPTOR 

NUMBER  Of 
DOCUMENTS 

NUMBER  OF 
ITEMS  CONTAINING  D 

1.  PROTON 

25 

40 

2,  SPECTRUM 

75 

100 

3.  DEUTERON  BOMBARDMENT 

12 

20 

4.  HYDROGEN 

80 

100 

5.  HELIUM 

60 

125 

6.  PROTON  SPECTRUM 

10 

15  / 

Display  2 


The  user,  if  satisfied  with  this  result,  could  delete  the  proton  and  spectrum  entries 
(Display  3). 
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Let  us  assume,  however,  that  the  user  is  satisfied  with  his  initial  Descriptor  List 
(Display  1).  He  decides,  perhaps,  to  browse  through  the  40  index  items  which  contain 
proton.  This  can  be  accomplished  with  a  DISPLAY  command. 
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Any  list  can  be  continued  on  the  scope  by  using  the  MORE  command. 


MORE 

INDEX  ITEMS  FOR  PROTON 

13.  PROTON  SPECTRUM  FROM  DEUTERON  BOMBARDMENT 
OF  HYDROGEN  AND  HELIUM 

14.  DIRECTION  OF  PROTON  POLARIZATION 


Display  5 


While  perusing  the  list  of  index  items  (Displays  4  and  5),  the  user  may  wish  to  see  a 
document  and  index  item  count  of  an  item  or  a  portion  of  an  item.  This  can  be  achieved 


by  adding  to  the  Descriptor  List.  Thus,  the  ADD  command  is  used  and  the  number  13^ 
and  the  words  proton  polarization  typed  out. 


ADD  (13,  PROTON  POLARIZATION) 

DESCRIPTOR 

1.  PROTON 

2.  SPECTRUM 

3.  DEUTERON  BOMBARDMENT 

4.  HYDROGEN 

5.  HELIUM 

6.  PROTON  SPECTRUM 

7.  PROTON  SPECTRUM  FROM 
DEUTERON  BOMBARDMENT 
OF  HYDROGEN  AND  HELIUM 

8.  PROTON  POLARIZATION 


NUMBER  OF 
DOCUMENTS 

25 

75 

12 

80 

60 

10 

4 


Display  6 
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Finally,  the  user  may  formulate  a  Boolean  search  expression  with  the  CALCULATE 
command.  If  he  desires  a  count  of  documents  which  contain,  say,  proton ,  spectrum. 
deuteron  bombardment,  but  not  helium,  he  may  write  as  follows: 

/CALCULATE  (D1  +  D2  +  D3H 
V  25  DOCUMENTS  SATISFY 

Display  9 

As  before,  he  can  ask  for  a  display  of  the  titles  and  their  indexes. 

These  commands  may  change  somewhat  in  their  detailed  definition,  though  no  changes 
in  function  are  anticipated. 

A  WRITE  command  causes  titles  to  be  printed  out  on  the  printer  thus  providing  the  user 
with  a  hard  copy. 

2.3  AUTOMATIC  INDEXING 

Before  discussing  the  file  structure  of  the  retrieval  system  we  will  summarize  briefly 
the  Russian-to-English  Indexing  System.  There  are  two  inputs  to  the  system. 

•  Russian  text  on  magnetic  tape 

•  A  machine  dictionary  on  magnetic  tape  that  is  a  computer  representation 
of  a  standard  English-Russian  technical  phrase  dictionary 

The  Indexer  matches  Russian  text  phrases  against  Russian  dictionary  phrases.  Dic¬ 
tionary  phrases  are  in  canonical  form;  Russian  reverse  inflection  algorithms  incorporated 
into  the  Indexer  transform  inflected  text  phrases  to  their  canonical  form.  When  a  match 
is  found,  the  English  translation  of  the  match  is  extracted  from  the  dictionary.  The 
output  of  the  system,  a  cross-indexed  index,  is  constructed  from  the  set  of  such  English 
translations  according  to  algorithms  described  in  Ref.  2-2  , 
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A  detailed  examination  of  Borne  indexed  output  will  be  helpful  in  under  standing  the 
file  structure  of  the  retrieval  system.  In  last  year’s  final  report,  a  few  paragraphs 
of  a  geological  article,  "Phase  Transformations  in  the  Interior  of  the  Earth,"  by 
S.  M.  Etishov,  Nature,  September  1962,  were  indexed  as  an  example.  We  now  show 
the  indax  of  the  entire  article  (Figs.  2-1  and  2-2).  (The  article  itself  is  presented  in 
Appendix  A. )  Aa  before,  two  indexes  are  shown.  The  simple  index  is  a  listing, 
alphabetically  arranged  and  with  duplicate  entries  eliminated,  of  the  English  transla¬ 
tions  of  Russian  phrases  in  the  text.  The  complex  index  is  a  cross-indexed  version 
of  the-  simple  index.  It  is  constructed  using  syntactic  information  provided  by  the 
reverse  inflection  algorithms  incorporated  into  the  Indexer. 

There  are  a  few  errors  In  the  complex  index.  Both  items  alphabetized  under  F, 

■  urfoid  and  fourfold,  silicon  in  arise  because  of  improper  sequencing  in  the  Russian 
reverse  inflection  algorithms  which  causes  fourfold  to  be  labeled  a  noun  instead  of  an 
adjective.  Resequencing  of  two  subroutine  calls  will  eliminate  this  error.  The 
phrase  earth  in  series  of  zone  should  more  properly  be  earth  in  series  of  zones. 

This  arises  because  there  is  no  inflection  algorithm  in  the  system  to  convert  zone 
to  zones  to  correspond  to  the  Russia"  plural.  Even  so,  this  problem  would  not  have 
been  noticeable  had  it  not  been  for  the  fact  that  series  is  a  noun  whose  plural  and  singu¬ 
lar  forms  coincide.  The  phrase  hypothesis  about  chemical  is  caused  by  a  programming 
error  which  incorrectly  assumed  that  a  word  following  a  preposition  would  be  a  noun 
or  noun  phrase.  This  error  can  be  easily  corrected.  The  phrase  state  of  silica  in 
condition  is  a  meaningless  phrase  which  occurs  because  the  Russian  word  following 
condition  does  not  hanoen  to  be  a  dictionary  entry.  It  is  difficult  to  see  how  to  correct 
this  problem  since  it  is  a  semantic  problem  caused  by  the  general  meaning  of  condition. 
The  mind  expects  a  precise  qualifier  that  does  not  come.  One  feels  intuitively  that 
this  problem  should  not  occur  often  and,  in  fact,  in  this  article  this  is  the  only  such 
occurrence. 

One  oi  the  interesting  items  ir.  the  complex  index  is  crystalline  structure  with  silicon. 

Ii  is  interesting  because  cross  indexing  leads  to  two  additional  entries  -  structure, 
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FAZOVYE  PREVRAWENi-  V  GLU8INAX  ZEMLI 
PHASE  TRANSFORMATION  IN  GLUBINAX  OF  EARTH 


AMORPHOUS 
ARRANGEMENT 
AVERAGE  DENSITY 


CHARACTER 

CHEMICAL 

CLOSEST  PACKING 

COATING 

COESITE 

CONDITIONS 

COORDINATION  NUMBER 

CORUNDUM 

CRYSTALLINE 

CUBIC  PACKING 


DENSE 

DENSITY 

DIFFERENTIATED 

DIFFERENTIATION 

DISTRIBUTION 


EARTH 

EARTH  SHELL 
EARTHQUAKE 
ELASTIC 
ELASTICITY 


FOURFOLD 


GEOLOGIST 

GEOPHYSICS 

GRADIENT 


HARDNESS 
HETEROGENETIC 
HIGH  HARDNESS 
HOMOGENEOUS 
HYPOTHESIS 


IMPURITY 


INCREASE 

INDEX  OF  RE*  FACTION 

INDIVIDUAL 

INTERMEDIA!. 

INVESTIGATION 

IRON 

IRON  METEORITE 


JOINT 


LIGHT 

LIMIT 

LOWER 


MAGNESIUM 

MANTLE 

MATTER 

MAXIMUM 

MELTING 

METAL 

METALLIC 

METEORITE 

METEORITIC  CRATER 

MIXTURE 

MODEL 

MODIFICATION 

MONOXIDE 


OBSERVATION 

OLIVINE 

ORIGIN 

OXYGEN 


PACKING 

PERICLASE 

PHASE 

PHASE  TRANSITION 

PRESSURE 

PROCESS 


Fig.  2-1  Simple  Index 
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PROPERTY 

PURE 


REGION 

REGISTER 

RESEARCHER 

ROCK 

ROE  NTGE  NO  SPECTRAL 
RUTILE 


SCIEN* 

SERIE' 

SIDE 

SILICA 

SILICATE 

SILICON 

SLAG 

SPICULAR 

STAGE 

STATE 

STRATUM 

STRUCTURAL 

STRUCTURE 

SULPHIDE  ORE 

SULPHITE 

SUPPORT 

SURFACE 

SYMMETRIC 

SYNTHESIS 


TABULAR  CRYSTAL 
TEMPERATURE 
TETI’AHEDRAL 
THEORY 

TRANSFORMATION 

TRANSITION 

TYPE 


WUSTITE 


ZONE 
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AMORPHOUS  SILICA 

ARRANGEMENT 

AVERAGE  OCNSITY  Of  LARTH 


CHARACTER  OF  LIMIT 
CHARACTER  OF  METAL 
CHEMICALLY  DTFFESE  NT  SATED  EARTH 
CLOSEST  RACKING 
CLOSEST  RACKING  WITH  OXYGEN 
COATING 

COATING.  SILICATE 
COSSiTE,  DENSITY  Of 
CONDITIONS 

CONDITIONS.  STATE  Of  SILICA  IN 
COORDINATION  NUMBER 
CORUNDUM 

CORUNDUM,  HARDNESS  WITH 
COSMOGONY,  GEOf  HYSICS  AND 
CRUST 

CRYSTALLINE  STRUCTURE  WITH  SILICON 
CUBIC  RACKING 


DENSE  MODIFICATION 
DENSITY,  GRADIENT  Of 
DENSITY,  INCREASE  OF 
DENSITY  ANO  ELASTICITY 
DENSITY  Of  COESITE 
jtNSlTYOf  EARTH 
DIFFERENTIATION  OF  MATTER 
DISTRIBUTION  OF  DENSITY  IN  EARTH 


EARTH 

EARTH,  AVERAGE  DENSITY  OF 
EARTH,  CHEMICALLY  DIFFERENTIATED 
EARTH,  DENSITY  OF 
EARTH,  DISTRIBUTION  OF  DENSITY  IN 
EARTH,  HYPOTHESIS  ABOUT  ORIGIN  OF 
EARTH,  IRON  IN  CENTER  Of 
EARTH,  MANTLE  Of 
EARTH,  MATTER  OF 
earth,  surface  of 

EARTH,  THEORY  OF  ORIGIN  OF 
EARTH  IN  SERIES  OF  ZONE 
EARTH  SHELL 
EARTHQUAKE 

ELASTIC  PROPERTY  OF  LOWER  MANTLE 
ELASTICITY,  DENSITY  AND 


FOURFOLD 

FOURFOLD,  SILICON  IN 


GEOLOGIST 

GEOPHYSICS 

GEOPHYSICS  AND  COSMOGONY 
GRAOIENT  OF  DENSITY 


HARDNESS  WITH  CORUNDUM 
HIGH  HARDNESS 
HOMOGENEOUS  MANTLE 
HOMOGENEOUS  MATTER 
HYPOTHESIS 

HYPOTHESIS  ABOUT  CHEMICAL 


HYPOTHESIS  ABOUT  ORIGIN  Of  EARTH 


IMPURITY,  IRON  WITH 

INCREASE  OF  DENSITY 

INDEX  OF  REFRACTION 

INDIVIDUAL  MONOXIDE,  MIXTUIE  Of 

INTERMEDIATE  REGION 

INVESTIGATION 

IRON 

IRON  IN  CENTER  OF  EARTH 
IRON  METEORITE,  EXISTENCE  Of 
IRON  WITH  IMPURITY 


LIGHT 

LIMIT 

LIMIT,  CHARACTER  OF 

LOWER  MANTLE ,  ELASTIC  PROPERTY  OF 

LOWER  MANTLE,  STRUCTURAL  MODEL  OF 

MAGNESIUM 

MANTLE 

MANTLE,  HOMOGENEOUS 
MANTLE,  MATTER  OF 
MANTLE,  PROPERTY  Of 
MANTLE,  REGION  IN 
MANTLE,  STATE  Of  MATTER  Of 
MANTLE,  STRUCTURE  OF 
MANTLE  Of  EARTH 

matter 

MATTER,  DIFFERENTIATION 
MATTER,  HOMOGENEOUS 
MATTER  OF  EARTH 
MAHER  OF  MANTLE 

kjkjk  V  1  |uU  I  il 

MELTING  OF  SULPHIDE  ORE  ' 

METAL 

METAL ,  CHAPACTER  Of 

METAL,  MIXTURE  OF  SULPHITE  AND 

METALLIC  IRON 

METALLIC  PROPERTY 

METEORITE 

METEORITIC  CRATER 

METEORITIC  CRATER,  ROCK  OF 

MIXTURE 

MIXTURE  OF  INDIVIDUAL  MONOXIDE 
MIXTURE  OF  SULPHITE  AND  METAL 
MOOEl 

MODEL,  STRUCTURAL,  OF  LOWER 
MANTLE 

MODIFICATION 
MODIFICATION,  DENSE 
MODIFICATION  Of  SILICA 
MONOXIDE 

MONOXIDE  Of  TYPE  Of  PERICLASE 


OBSERVATION 

OLIVINE,  PROPERTY  Of  ZONE  WITH 
TRANSITION  OF 
OLIVINE,  STRUCTURE  OF 
OXYGEN 

OXYGEN,  CLOSEST  PACKING  WITH 


PACKING,  SYMMETRIC 

PERICLASE,  MONOXIDE  OF  TYPE  Of 

PHASE 


PHASE  TRANSITION 
PRESSURE 

PRESSURE  ANO  TEMPERATURE 

PROCESS 

PROPERTY 

PROPERTY,  ELASTIC,  OF  LOWER  MANTLE 
PROPERTY,  METALLIC 
PROPERTY  OF  MANTLE 
PROPERTY  Of  ZONE  WITH  TRANSITION 
OF  OLIVINE 


REGION,  INTERMEDIATE 

REGION  IN  MANGLE 

REGISTER 

RESEARCHER 

ROCK 

ROCK  Of-  METEORITIC  CRATER 
RUTILE 


SIDE,  SUPPORT  WITH 
SILICA,  AMORPHOUS 
SILICA,  MODIFICATION  Of 
SILICATE  COATING 
SILICATE  STRATUM 
SILICON 

SILICON,  CRYSTALLINE  STRUCTURE  WITH 
5ILICON,  TRANSITION  Of 
SILICON  IN  FOURFOLD 
SLAG 

SPINEL,  STRUCTUiE  Of  TVPE  Of 
STAGE 

STATE,  STRUCTURAL 
STATE  OF  MAHER  OF  MANTLE 
STATE  Of  SILICA  IN  CONDITIONS 
STRATUM 

STRATUM,  SILICATE 

structural  state 

STRUCTURAL  MODEL,  OF  LOWER  MANTLE 

STRUCTURAL  type 

STRUCTURE 

STRUCTURE,  CRYSTALLINE,  WITH  SILICON 

STRUCTURE  OF  MANTLE 

STRUCTURE  Of  OLIVINE 

STRUCTURE  Of  TYPE  Of  SPINEL 

SULPHIDE  ORE,  MELTING  OF 

SULPHITE 

SUPPORT  WITH  SIDE 
SURFACE  OF  EARTH 
SYNTHESIS 


TABULAR  CRYSTAL 
TEMPERATURE 

TEMPERATURE,  PRESSURE  AND 
THEORY 

THEORY  Of  ORIGIN  Of  EARTH 

TRANSFORMATION 

TRANSITION 

TRANSIUON  OF  SILICON 
TYPE,  STRUCTURAL 


WUSTITE 


ZONE 

ZONE,  EARTH  IN  SERIES  Of 


Fig.  °-2  Complex  Index 
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crystalline,  with  silicon  and  silicon,  crystalline  structure  with.  For  retrieval  pur¬ 
poses,  this  leads  to  four  pointers  -  crystalline,  crystalline  structure,  structure,  and 
silicon  -  to  the  phrase  crystalline  structure  with  silicon. 

As  mentioned  in  Ref.  2-2  ,  articles  do  not  appear  in  the  index.  If  they  occu;  in  a 
user's  Li  put  query  they  will  be  edited  out. 

The  simple  index  consists  of  104  distinct  entries  representing  the  1550-word  text. 
Most,  though  not  all,  of  the  entries  are  single  words.  It  should  be  remembered  that 
each  word/phrase  entry  in  the  simple  index  represents  a  separate  distinct  entry  in 
the  computer  dictionary.  Entries  in  the  computer  dictionary  will  be  referred  to  as 
prime  items. 

The  complex  index  (Fig.  2-2)  is  more  interesting  and  more  meaningful.  It  consists  of 
prime  items  from  the  simple  index  arranged  in  various  syntactic  combinations.  If  a 
prime  item  is  a  noun  and  cannot  be  syntactically  combined  with  another  prime  item, 
then  it  is  listed  by  itself  in  the  complex  index  (e,  g. ,  arrangement,  corundum). 

A  discussion  of  the  syntactic  structures  of  the  entries  in  the  complex  index  can  be 
found  in  Section  6  of  Ref.  2-2.  For  the  purposes  of  this  discussion,  however,  an 
item  in  the  complex  index  can  be  viewed  as  belonging  to  one  of  three  categories.  The 
item  may  be  a  prime,  secondary,  or  tertiary  item.  Prime  items  have  been  defined 
already  as  discrete  entries  in  the  dictionary.  These  entries  are  usually  nouns, 
adjectives,  noun  phrases,  and  noun  phrases  followed  by  prepositional  phrases.  A 
secondary  is  a  noun  or  noun  phrase  preceded  by  at  least  one  adjective.  The  noun 
(or  the  noun  phrase)  and  the  preceding  adjectives  are  prime  items.  A  tertiary  is  a 
string  of  prime  nouns  or  noun  phrases,  and  secondaries  separated  by  prepositions 
and/or  conjunctions.  For  example: 

•  Prime  items  -  electron 
emission 

magnetic  field  (noun  phrase) 

rotating 

distribution 

density 

earth 
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•  Secondary  items  —  electron  emission 

rotating  magnetic  field 

•  Tertiary  items  —  electron  emission  in  rotating  magnetic  field 

distribution  of  density  in  earth 

Secondary  and  tertiary  items  may  easily  be  cross  indexed  and  a  glance  at  the  complex 
index  will  show  that  this  has  been  done. 

In  the  intrcdrction  it  was  stated  that  retrieval  of  a  document  could  be  accomplished 
according  to  syntactic  relatedness  of  terms  within  the  document  as  opposed  to  the  mere 
existence  of  the  terms  themselves  within  the  document.  We  can  see  now  that  it  is  the 
secondary  and  tertiary  items  which  contain  the  information  regarding  the  syntactic 
relatedness  of  various  prime  terms . 

2.4  FILE  STRUCTURE 

2.4.1  Inverted  File 

One  of  the  file  structures  which  can  accommodate  a  Boolean  search  is  the  inverted  file. 
In  an  inverted  file  system  each  document  is  identified  by  a  number  of  descriptors, 
which  could  be  a  sequence  number,  a  title,  authors,  a  date,  source,  index  terms,  or 
some  other  category  of  descriptor.  A  seprrate  ordered  file  exists  for  each  descriptor 
category  to  facilitate  search  for  such  a  descriptor.  Each  of  these  files  is  called  an 
inverted  file.  For  example,  one  file  has  the  information  ordered  according  to  authors, 
another  according  to  date,  another  according  to  index  term  etc.  The  entire  file  need 
not  be  examined,  just  those  portions  associated  with  the  input  descriptors. 

2.4.2  Threaded  Lists 

A  threaded  list  is  a  list  whose  elements  may  be  located  discontinuously  at  a  series  of 
locations  throughout  a  file.  Each  element  of  the  list  is  associated  wi*h  a  pointer  wrhich 
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pointe  to  the  location  in  the  file  of  the  succeeding  element.  The  location  pointer  of  the 
final  element  of  the  list  is  filled,  perhaps,  with  zeros  or  some  other  marker  to  indicate 
the  end  of  a  list.  Thus  the  phrase  electron  emission  in  rotating  magnetic  field  is 
formed  by  the  threaded  list  as  shown. 

TOO  ELECTRON 
110 


no 


205 


347 


455 


EMISSION 

347 


FIELD 

00000 


IN 

743 


MAGNETIC 

205 


I 

I 


743 


ROTATING 

455 


Lists  may  be  altered  not  by  physically  rearranging  elements  of  the  file,  Lut  by  changing 
the  pointers  as  desired. 


1 

i 
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2.4. 3  File  Structure  of  the  Retrieval  System 


The  file  structure  of  this  retrieval  system  can  be  described  as  a  combination  of  an 
inverted  file  and  a  threaded  list.  In  a  previous  section  it  was  stated  that  an  index 
could  be  viewed  as  being  composed  of  prime,  secondary,  and  tertiary  elements  and 
that  the  secondary  and  tertiary  elements  express  the  syntactic  relatedness  of  prime 
elements. 

The  retrieval  system  operates  upon  four  files  ~  a  prime/secondary  file  (PSF),  a 
tertiary  file  (TF),  a  document  file  <DF),  and  an  index  file  (IF). 

The  PSF  has  an  inverted  file/threaded  list  structure.  The  tertiary,  document,  and 
index  files  are  arranged  randomly.  Elements  of  the  tertiary,  document,  and  index 
files  and  of  the  secondary  portion  of  the  PSF  are  elements  of  at  least  one  threaded  list. 
The  origin  of  each  threaded  list  is  one  of  the  primary  elements  of  the  PSF.  The  end 
of  each  threaded  list  is  an  element  of  the  index  file.  A  simplified  example  will  clarify 
this  structure.  Suppose  the  article  "Scattering  of  Slow  Electrons  by  Enhanced  Ion 
Waves  Near  the  Geomagnetic-Field  Boundary,"  by  A.  Eviator,  has  an  index  consisting 
only  of  the  following  two  items: 

distribution  of  density  in  earth 

electron  emission  in  rotating  magnetic  field 

these  are  tertiary  items  which  have  been  constructed  from  the  follow  nv  pr,  me  and 
secondary  items: 

•  Prime  items  -  density 

distribution 

earth 

electron 

emission 

magnetic  field 

rotating 

•  Secondary  items  -  electron  emission 

rotating  magnetic  field 

The  arrangement  of  the  four  files  for  this  simple  example  is  shown  in  Fig.  2-3. 
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Fig.  2-3  File  Arrangement 


2.5  IBM  360  CON  FIGURATION  FOR  RETRIEVAL  SYSTEM 


The  detailed  configuration  of  the  data  flies  and  the  details  necessary  for  actual 
programming  are  discussed  in  this  subsection.  Though  these  details  have  not  been 
worked  out  completely,  it  is  expected  that  they  will  not  differ  greatly  from  those 
presented  here . 

This  retrieval  system  is  being  designed  to  run  under  the  LACONIQ  monitor. 

LACONIQ  is  a  time-sharing  system  designed  to  implement  real-time  applications. 
LACONIQ  handles  queuing,  polling,  chaining,  and  other  real-time  functions  allowing 
the  applications  designer  to  concentrate  on  the  logic  of  his  own  particular  application. 

Figure  2-4  is  a  list  of  various  field  codes  U3ed  to  denote  the  files,  their  possible 
overflows ,  and  other  information  which  may  be  required  during  programming . 

Figure  2-5  shows  a  schematic  diagram  of  the  general  file  structure.  The  lower 
three  blocks  are  detailed  diagrams  of  specific  fields  in  the  top  diagram.  Figure  2-6 
shows  an  example  of  how  the  data  file  for  the  prime  item  energy  might  look. 

As  was  mentioned  in  the  previous  subsection,  the  data  records  will  be  kept  on  four 
different  files.  The  files  are  called  the  primary/seeondary  file  (PSF),  the  tertiary 
file  (TF) ,  the  document  file  (DF) ,  and  the  index  file  (IF) .  Figure  2-7  shows  some  of 
the  important  characteristics  of  these  files.  The  overflow  files  are  required  in  case 
data  exceed  the  allowable  record  size. 

The  files  are  used  a3  follows:  the  prime/secondary  file  (PSF)  is  the  file  against 
which  users'  descriptois  are  processed  initially.  Through  Boolean  operations,  ar. 
attempt  is  made  to  get  as  close  as  possible  to  the  user's  request,  progressing  to  the 
tertiary  file  (TF)  if  possible.  From  the  information  in  the  prime/secondary  file 
(PSF)  and  tertiary  file  (TF)  the  program  is  able  to  tell  the  user  how  many  documents 
in  the  document  file  (DF)  contain  his  descriptors,  and  also  tell  him  the  number  of 
"higher  level"  descriptors,  in  the  PSF  and  TF,  in  which  each  of  his  descriptors  are 
contained. 
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FIELD  CODES 
HEXADECIMAL 

F2  REFERENCES  TO  SECONDARY  INDEX  RECORDS 

F3  REFERENCES  TO  TERTIARY  INDEX  RECORDS 

C4  REFERENCES  TO  DOCUMENT  RECORDS 

C9  ITEM 

FE  PADDING 

FD  CHAIN  ADDRESSES 


RECORD  CODES 

FI  PRIMARY  FILE 

01  PRIMARY  FILE  OVERFLOW 

F2  SECONDARY  FILE 

02  SECONDARY  FILE  OVERFLOW 

F3  TERTIARY  FILE 

03  TERTIARY  FILE  OVERFLOW 

C4  DOCUMENT  FILE 

04  DOCUMENT  FILE  OVERFLOW 


Fig.  2-4  Field  and  Record  Codes 
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BASIC  LOGICAL  RECORD  FORMAT 


NO.  OF  BYTES 


2 

1 

3  BYTES  EACH 

VARIABLE 

C/F 

T 

Y 

p 

E 

C 

0 

D 

E 

ARBITRARY 
NUMBER  OF 
FIELD  INDICES 

FIELD  1 

FIELD  2 

C/F  DETAIL 


NO.  OF  BITS 


4 

12 

00X0 

IfX  =  1,  RECORD 
IS  CONTINUED 

COUNT  (NO.  OF  BYTES  IN  THIS 
LOGICAL  RECORD 

FIELD  INDEX  DETAIL 


LAST  FIELD  INDEX 


NO.  OF  BYTES 


1 

2 

1 

2 

FIELD 

IDENTIFI¬ 

CATION 

CODE 

DISTANCE  (IN  BYTES) 
OF  FIELD  FROM 

START  OF  LOGICAL 
RECORD 

.  .  . 

X’FF' 

NO.  OF  BYTES 
IN  THIS  LOGI¬ 
CAL  RECORD 

FIELD  DETAIL 


SUBFIELD  1  LAST  SUBFIELD 


1 

VARIABLE 

VARIABLE 

NO.  OF 
BYTES  IN 
SUB  FIELD 

DATA 

■ 

X’00' 

DATA 

Fig.  2-5  Basic  Data  File  Structure  for  Random  Access  Files 
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o  j 
u< 
X  o 


w 


o 


gs 

09 

r?  sc 
Sh 

Cm  Z 


<  W  Q 

li 

11  pa  o 
a  xi* w 

Cm  3*  PS 


C/2 

H  C 

Sl3 

sES 


Cm 

o  a 

H  * 

p;  o 

<  O 

H  « 

M  PS 


Fig.  2-6  Sample  Data  File  for  Item  energy 
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The  prime/secondary  file  (PSF) ,  as  its  name  implies,  contains  both  prime  and 
secondary  index  items.  Since  the  file  is  arranged  alphabetically,  the  prime  and 
secondary  items  are  mixed  together.  Also,  since  secondary  index  items  are 
"pointed  to"  by  prime  index  items,  it  is  possible  for  the  PSF  to  point  to  itself. 

(See  Fig.  2-3.) 

All  four  files  will  be  located  on  the  IBM  2311  Disk  Storage  Drive.  Such  a  disk 
has  a  maximum  capacity  of  7.25  million  data  bytes.  Since  LACONIQ  is  also 
located  on  disc,  the  retrieval  system  will  be  completely  disc-based. 

2.6  DATA  BASE 

A  sample  data  base  has  been  prepared  which  will  be  used  to  check  out  the  retrieval 
system.  The  data  base  consists  of  100  physics  abstracts  selected  from  the  Bulletin 
of  the  American  Physical  Society',  January’  1966.  (See  Appendix  B. )  Of  the  100 
abstracts,  the  complex  indexes  of  50  have  been  keypunched.  The  rest,  while  indexed, 
have  not  yet  been  keypunched. 

The  abstracts,  it  should  be  pointed  out,  are  in  English.  The  complex  indexes  have 
been  human-prepared.  The  procedure  used  to  produce  the  indexes  was  to  go  through 
each  abstract  and  to  indicate  primary,  secondary',  and  tertiary  items.  While  the 
primary  items  in  this  case  do  not  correspond  to  any  particular  physics  dictionary,  as 
long  as  consistency  in  indexing  is  observed  by  the  indexer,  the  sample  data  base  will 
be  an  accurate  simulation  of  a  data  base  produced  by  a  "real"  set  of  primaries. 

It  is  interesting  to  note  that  in  the  computer-indexed  article,  104  primaries  gave  rise 
to  42  secondary’  and  43  tertiary  items,  while  in  the  set  of  abstracts  613  primaries 
produced  168  secondary  and  132  tertiary  items.  If  the  proportions  of  the  article  held, 
we  could  have  expected  the  set  of  abstracts  to  produce  around  250  secondary  and 
tertiary  items.  This  discrepancy  is  perhaps  due  to  the  terse  language  one  would 
expect  an  abstract  to  be  written  in  (as  opposed  to  the  original  article).  There  are 
approximately  4000  words  in  the  set  of  Physics  abstracts. 
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In  addition,  since  it  is  desirable  f'  at  the  retrieval  system  be  capable  of  using  word 

government  Information  {Kef.  2—3; ,  such  patterns  have  been  noted  by  the  indexer  and 

are  incorporated  into  the  data  base . 
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COMPUTABLE  RELATIONS  BETWEEN  THE  ORTHOGRAPHIC 
AND  PHONETIC  FORMS  OF  ENGLISH  MONOSYLLABLES* 

3.1  INTRODUCTION 

Carefully  checked  and  highly  accurate  sets  of  computable  relations  between  the  ortho¬ 
graphic  forms  and  the  corresponding  phonetic  forms  of  English  words  are  the  basis 
for  design  of  equipment  such  as  a  mechanized  reader  for  the  blind  or  a  talking  compu¬ 
ter  (Ref.  1).  The  former  would  transform  into  speech-like  sounds,  mechanically  and 
electronically,  the  information  on  punehed  paper  tapes  (widely  used  for  driving  lino¬ 
types)  .  Such  relations  are  also  a  subject  of  intrinsic  scientific  and  linguistic  interest. 

Although  there  is  substantial  agreement  on  the  orthographic  forms  of  English  words, 
the  phonetic  representations  corresponding  to  a  large  number  of  English  monosyllables 
differ  from  one  tra;  jeription  to  another  (Ref.  3-1).  This  situation,  partly  as  a  result 
of  different  dialect  patterns,  is  inherent  in  the  subjectivity  of  phonetic  transcriptions 
(Ref.  3-2).  We  do  not  question  the  phonetic  representations  prepared  by  authoritative 
sources,  which  are  indeed  the  best  efforts  of  skilled  individuals,  nor  do  we  claim  that 
our  computer  programs  supplant  their  decision  processes  in  any  sense.  Our  data 
indicate,  rather,  that  the  seemingly  subjective  process  of  preparing  phonetic  trans¬ 
criptions  can  be  precisely  defined  by  use  of  the  phonetic  information  that  is  encoded 
in  the  orthographic  forms  of  words.  Although  phonetic  information  is  not  represented 
explicitly  in  English  orthography,  as  it  is  in  phonetic  scripts  such  as  Sanskrit,  suffi¬ 
cient  phonetic  information  is  available  in  the  orthographic  forms,  barring  the  excep¬ 
tion  w’ords. 

Since  the  phonetic  transcription  of  the  same  corpus  of  words  differs  from  one  reputable 
authority  to  the  next,  it  iB  adviaat:c  to  write  separately  the  computable  relations 


•Work  on  this  task  was  condc-.ad  by  B.  V.  Bhimani. 
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between  the  orthographic  forms  and  the  corresponding  phonetic  representations  pre¬ 
pared  by  each  authority,  and  then  to  arrive  at  an  optimum  set  oi  ruies  that  displays 
maximum  agreement  in  the  phonetic  representations  of  corresponding  orthographic 
forms.  To  define  such  an  optimum  set  of  computable  re:  itions  also  requires  compari¬ 
son  of  the  phonetic  representations  of  a  specified  and  large  set  of  words  as  anseribed 
by  different  authorities:  such  a  comparison  provides  information  on  the  consistent 
patterns  among  the  phonetic  representations  studied,  as  well  as  on  differences  in  the 
transcriptions.  At  first,  such  a  comparison  of  phonetic  data  may  seem  to  be  needed 
primarily  for  the  development  of  a  speech  recognizer,  or  for  certain  linguistic  studies 
such  as  those  relating  the  dialect  patterns  of  English;  but  it  is  also  required  for  ascer¬ 
taining  that  the  phonetic  representations  obtained  from  orthographic -form  words,  by 
the  use  of  computable  relations,  do  indeed  provide  data  which  have  a  high  degree  of 
agreement  with  authoritative  transcriptions,  and  that  the  computed  phonetics  represent 
speech  patterns  with  a  low  probability  of  confusion  by  the  recipient.  Such  an  evaluation 
of  phonetic  data  is  also  an  aid  in  the  selection  of  exception  words  for  increasing  the 
accuracy  of  the  program  that  maps  the  orthographic  form  of  words  into  corresponding 
phonetic  representations. 

The  procedures  which  will  be  described  here  do  take  into  account  the  differences 
between  the  dialects  studied,  but  not  the  idiosyncrasies  of  individual  speakers;  it  is 
expected  that  cAUnsion  of  these  techniques  may  permit  treatment  of  the  latter.  The 
computable  relations  between  the  phonetic  data  representing  the  various  dialects  pro¬ 
vide  a  machine  with  an  ordered  set  of  rules  which,  when  properly  used,  can  reduce 
the  burden  of  storage  and  search  for  a  general-purpcse  speech  recognizer  or  synthe¬ 
sizer,  as  contrasted  with  the  needs  of  an  unordered  machine  which  must  treat  each 
case  separately. 

Such  a  systematic  model  of  the  relation  between  orthographic  and  phonetic  forms  is  a 
prerequisite  for  both  mechanical  recognition  and  generation  of  speech-  For  the  former 
application,  the  task  is  the  identification  of  acoustic  characteristics  with  an  a  priori 
symbolic  representation;  for  the  latter,  the  symbols  representing  the  phonetic  form 
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of  words  must  be  transformed  into  corresponding  and  prespecified  acoustic  charac¬ 
teristics.  T!ds  subject  is  discussed  in  recent  literature  (Refs,  3~3  through  3-8}. 

On  the  basis  of  the  data  discussed  in  subsections  3-2  and  3-3,  we  contend  that  com¬ 
putable  relations  between  the  orthographic  forma  and  the  corresponding  piawetio 
representations,  as  well  as  between  the  various  phonetic  representations  that  corres¬ 
pond  to  any  orthographic  form,  can  be  established  for  a  group  of  symbols  called 
marker-vowel -marker.  This  group  of  symbols  is  similar  to  groups  described  pre¬ 
viously  on  the  basis  of  log  cal  and  acoustic  studies  of  speech  (Ref.  3-9} .  (This  paper 
does  not  present  an  exhaustive  list  of  marker-vowel-marker  segments  or  their  acot  s- 
tic  characteristics,  but  a  method  for  computing  such  a  list  is  presented  in  subsection  2.) 
It  is  also  shown  in  this  study  that  the  phonetic  data  transcribed  by  one  authority  cannot 
be  accurately  transformed  into  that  by  another  authority  by  writing  equations  that  map 
each  vowel  symbol  of  one  transcription  into  a  corresponding  set  of  vowel  symbols  of 
another  transcription  or  by  equations  that  map  each  set  of  consonant  symbols  of  one 
transcription  into  corresponding  consonant  symboi(s)  of  another  transcription. 

Whether  the  marker-vowel-marker  group  or  symbols  are  in  fact  the  units  of  speech 
as  produced  and/or  perceived  by  humans  is  a  subject  for  other  papers.  This  paper 
discusses  the  evaluation  of  the  computable  relations  that  map  into  the  various  phonetic 
representations  from  corresponding  orthographic-form  English  monosyllables  [defined 
here  as  thos'j  words  which  have  a  single  uninterrupted  vowel  string  in  their  phonetic 
representation  according  to  the  Shorter  Oxford  Dictionary  (SOX)(Ref.  3-10)}.  The  pho¬ 
netic  representations  studied  are  those  ir;  five  recent  dictionaries  (Refs.  3-10  through 
3-14)  •  In  subsection  3-2  an  approach  is  proposed  for  extending  the  work  to  polysyllable 
%vords  of  English,  the  validity  of  such  an  extension  is  considered  briefly  in  subsection 
3  -5  This  treatment  of  the  phonetics  of  English,  and  of  the  dialect  patterns  of  the 
language  differs  from  that  of  the  linguistic  atlas  (Rei.  3-15)  in  that  the  phonetic  data 
in  dictionaries  are  used  as  the  basic  source  and  computable  relations  are  the  principal 
objective  of  this  study.  The  computer  programs  discussed  herein  are  sufficiently 
general  to  assure  conversion  of  new  orthographic-form  monosyllables  (those  not 
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included  in  the  present  set)  with  a  high  degree  of  accuracy.  These  computable  rela¬ 
tions  require  storage  and  operation  limes  which  will  permit  them  to  be  run  on  a 
medium  -size,  medium-speed  computer  with  less  than  10-percent  error,  when  com  - 
puted  phonetics  are  compared  with  those  if  five  dictionaries  (Refs,  3-10  through  3-14). 
(Error  rates  can  bo  reduced  to  the  desired  level  by  storing  a  set  of  exception  words.} 

The  computer  programs  which  generate  phonetic  representations  of  orthographic -form 
words  can  readily  be  adapted  to  provide  phonetic  forms  as  teat  ascribed  by  any  qualified 
linguist.  This  is  because  the  entire  algorithm  is  related  to  the  orthographic  form  of 
English  words  and  the  computable  relations  use  the  marker -vowel -marker  symbols, 
which  also  establish  computable  relations  between  the  various  phonetic  forms  {Refs. 
3-10  through  3-14).  When  the  computation  from  the  orthographic  form  into  the 
phonetic  form  of  words  is  completed,  the  resulting  data  are  compared  v/ith  those  in 
other  sources  (Kefs.  3-10  through  3-14).  The  computable  relations  are  final  only 
after  a  detailed  manual  and  computer-oriented  check  is  made  of  the  accuracy  of  the 
resulting  data. 

3.2  MECHANIZED  CONVERTER  OF  ORTHOGRAPHIC  TO  PHONETIC  FORMS  OF 
WORDS 

Illustrated  in  Fig.  3-1  are  the  several  functions  a  computer  must  perform  to  receive 
questions  in  the  form  of  coded  pulses  and  transmit  its  answers  in  the  form  of  synthe¬ 
sized  speech.  The  reader  is  referred  to  recent  advances  in  computer  software  that 
promise  to  make  it  practical  to  write  programs  in  a  freely  disposable  subset  of  a  user's 
natural  language  (Ref.  3-16),  and  he  is  assumed  to  be  familiar  with  the  computer 
functions  of  scanning  the  input  statement  or  question,  of  performing  .he  necessary 
soarenes  and  look-ups,  and  of  formulating  the  answer.  Since  present -uay  computer 
output  is  almost  exclusively  orthographic,  it  must  be  transformed  into  appropriate 
phonetic  form  for  synthesizing  speech  (Ref.  3-1).  Similarly,  input  tapes  which  could 
be  used  in  mechanized  readers  for  the  blind  are  also  available  in  a  form  suitable  only 
for  printing.  A  phonetic  transformation  is  therefore  necessary  for  this  application  as 
well.  The  phonetic  forms  generated  by  such  a  transformation  can  serve  as  inputs  to 
speech  synthesizers.  Several  such  synthesizers  are  discussed  in  the  literature 
(Refs.  3-3,  3-4.  3-17.  3-l«,  and  3-13). 
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rig.  3-1  Functions  Performed  for  Purposes  of  Pulse -Input,  Voice-Output  Communication 
With  Computers 


The  following  discussion  of  the  computable  relations  between  the  orthographic  and 
phonetic  forma  of  English  inonosyLiabiea  forms  the  basis  ol  a  program  for  more 
general  application .  Specifically .  extension  of  the  techniques  for  dealing  with  poly¬ 
syllabic  words  requires  the  development  of  a  processor  for  segmenting  the  words  into 
their  constituent  syllables  (Fig.  3-2).  The  program  intended  in  Fig-  3-2  is  beyond 
the  capability  of  the  hyphenation  aigcntm  >s  used  in  the  printing  industry,  since  they 
are  required  to  find  only  some  of  the  syllable  breaks  in  any  polysyllabic  word  and  at 
times  may  indicate  no  such  breaks.  For  the  mechanized  reader,  such  a  syllable 
break  must  be  indicated  with  high  accuracy,  and  information  must  be  provided  on  the 
stressed  syllables  in  each  word.  A  detailed  discussion  of  this  subject  is  beyond  the 
scope  of  this  paper ■  Moreover,  the  reading  and  spelling  rules  available  in  dictionaries 
(Ref.  3-20)  or  in  recent  papers  (Ref.  3-21)  have  not  been  checked  by  their  proponents 
by  use  of  computer  programs  operating  on  exhaustive  word  lists  and  checking  the 
results  with  phonetic  transcriptions  by  more  than  one  authority;  hence,  these  rules 
may  be  inaccurate  or  incomplete  and  unsuitable  for  programming  computers. 

An  orderly  development  of  programs  for  mechanized  readers  requires  starting  wit* 
elementary  words  (Ref.  3-22)  (essentially  the  onc-syilable  words  of  the  language  and 
described  in  detail  in  the  references),  evaluating  the  results  obtained,  and  then  extend¬ 
ing  the  rules  to  include  English  monosyllables.  (The  distinctions  between  the  elemen¬ 
tary  words  and  the  monosyllables  are  considered  in  subsection  3.5.)  Most  of  the 
elementary  words  and  some  of  the  additional  monosyllables  are  kernels  (for  example, 
AC-TU-AL  are  three  kernels  in  the  v/ord  ACTUAL),  since  they  contain  sequences  of 
consonant  strings  and  vowel  strings  that  are  similar  to  ones  observed  in  individual 
syllables  of  polysyllable  words.  (Hence,  elementary'  words  are  mostly  kernel  words 
of  the  language. )  Since  polysyllabic  words  are  simply  compoundings  of  the  consonant 
strings  and  vowel  strings  that  are  similar  to  those  in  kernels,  the  "\ceuracy  with  which 

we  treat  the  kernel  words  will  determine  the  accuracy  of  our  work  on  a  complete 

♦ 

lexicon.  It  is  also  shown  in  subsection  3.  5  that  the  work  with  elementary  words  can 
be  readily  applied  tor  computing  the  phonetic  representations  of  English  monosyllables. 
It  is  the  elementary  words,  therefore,  for  which  establishing  of  a  maximum  accuracy 
for  defining  a  computable  set  of  rules  is  required,  and  the  resulting  phonetic  data  also 
merit  the  most  careful  check. 
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Switch 


Stress  Pattern  Indicator 


Prefix 


Kernel 

Word 


Suffix 


Prefix/Stress  Level  X  *-  Kernel 
W'n'd/Stress  Level  V  +  , , . 
Suffix/Stress  Level  Z 


t’ig.  3-2  Outline  of  Algorithm  for  Extension  to  Polysyllabic  Words 
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Figure  3-3  illustrates  the  algcritlim  for  the  elementary  words  of  English.  The  first 
step  is  the  breakup  of  the  word  into  vowel  strings  and  consonant  strings.  For  this 
program,  the  final  #  is  classified  as  a  marker;  all  other  occurrences  of  E,  as  well 
as  the  letters  A,  I,  O,  U,  and  Y,  are  classified  as  orthographic  vowels.  All  the 
remaining  letters  of  the  alphabet  are  classified  as  consonants  Words  starting  with 
vowels  are  classified  as  starting  with  a  blank  consonant  0  ,  and  those  ending  in 
vowels  are  considered  as  ending  in  0  . 

The  second  step  resolves  the  consonant  string  ambiguities  which  occur  with  ortho¬ 
graphic  letters  C,  G.  S,  TH,  CH,  etc.  The  algorithm  for  such  a  resolution  of  C  and 
of  G  is  tabulated  below 


Orthographic 

SOX  Phonetic 

If  C  is  followed  by  A,  O,  U: 

C 

k 

Otherwise: 

C 

s 

If  G  is  followed  by  E  or  0: 

G 

d* 

Otherwise: 

G 

g 

After  these  consonant  strings  and  vowel  strings  have  been  formed,  one  of  the  special 
and  novel  features  of  our  program  is  brought  into  play:  these  symbols  are  not  trans¬ 
cribed  directly  but  arc  first  processed  according  to  the  rules  of  euphonic  combination. 
[These  rules,  described  in  detail  elsewhere  (Ref.  3-9),  define  <he  effect  of  each  English 
speech  sound  on  each  neighboring  one;  the  referenced  set  is  compiled  specifically  for 
English.  ]  Such  a  process  provides  the  desired  phonetic  transformation  without  regard 
to  any  particular  system  of  phonetic  symbols,  and  it  creates  an  intermediate  repre¬ 
sentation  that  is  independent  of  any  particular  orthographic  to  phonetic  transformation, 
representing  the  kernel  words  as  consonant-marker-vowel-marker  consonant  strings 
(Fig.  3-3)  Interpretation  of  the  precise  phonetic  representation  that  corresponds  to 
each  marker -vowel-marker  set  provides  the  pronunciation  for  each  of  these  words  as 
given  in  the  dictionary  (Refs.  3-10  through  3-14).  Needless  to  say,  each  dictionary 
requires  its  own  set  of  rules  for  interpretation  of  the  marking  system .  Figure  3-4 
illustrates  the  operation  of  the  program  for  the  word  SPICE ,  and  the  word  GRUDGE 


3-8 


LOCKHEED  PALO  ALTO  RESEARCH  LABORATORY 

lOCKMEfD  M  I  $  S  I  l  f  $  1  S  P  A  C  f  COMPANY 

A  0»OuP  D  <  V  I  J  I  0  N  o*  lO(  «N[(D  A  I  I  <  I  A  r  T  f!  O  I  '  O  I  *  H  O  N 


KERNEL  WORD 


Orthographic  Consonant  String  +  Vowel  String  +  Consonant  String  Marker  (E) 


Phonetic  Consonant  String  +  Vowel  String  +  Phonetic  Consonant  String  +  Marker  (E) 


Consonant  Vowel  +  Vowel  +  Vowel  +  Consonant 

String  Marker  String  Marker  String 


Daniel  Shorter  A  Pronouncing  Webster's  American 

Jones  Oxford  Dictionary  by  Dictionary,  College 

Dictionary  Kenyon  and  3rd  Edition  Dictionary 

Knott 


Fig.  3-3  Outline  of  Algorithm  for  Obtaining  Phonetic  Form  From  the  Orthographic 
Representation  of  Elementary  Words 
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SPICE/KERNEL  WORK 


S  p/C  on  so  ;t  an  t 


I/Vowel  +  C/Consonant  +  Marker  E 

f 


Interpretation  of  Consonant  Markers  J 


SP/Consonant  +  I/Vowel  +  S/Consonant  +  Marker  E 


Rules  of  Euphonic  Combination 

SP/Consonant  +  I/Vowel  h 

1  Marker  E  +  S/Consonant 

! 

i 

[interpretation  of 

Vowel  Markers 

Daniel 

Shorter 

A  Pronouncing 

Webster’s 

American 

Jones 

Oxford 

Dictionary 

Dictionary  By 
Kenyon  and  Knott 

Dictionary, 
3rd  Edition 

College 

Dictionary 

SPAIS 

SPE2IS 

SPAIS 

SP14S 

NI4S 

spais 

spois 

spais 

spis 

spis 

Fig.  3-4  Operation  of  the  Program  for  the  Word  SPICE 
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is  the  subject  of  Fig.  3-5.  Notice  that  the  phonetic  consonant  string  dd^(D  DZ1)  is 
not  pronounceable  according  to  the  rules  of  euphonic  combination,  and  hence  D  is 
tagged  as  a  marker.  The  D/marker  blocks  the  operation  of  the  U  on  the  vowel  U,  and 
the  pronunciation  of  the  vowel  is  the  same  as  that  for  the  words  where  D  follows  the 
vowel  string  U,  such  as  the  word  MUD, 

A  detailed  listing  of  all  the  mapping  rules  needed  to  resolve  each  of  the  ambiguities 
would  be  of  limited  interest  here ,  partly  because  of  the  unreasonably  lengthy  listing 
but  primarily  because  of  the  differences  in  the  Interpretation  of  markers  for  different 
lexicographers.  An  illustration  of  the  computable  rules  for  mapping  U  into  corres¬ 
ponding  phonetic  forms,  as  in  transcriptions  by  Kenyon  and  Knott  (Ref.  3-13),  is  pre¬ 
sented  in  Table  3-1.  Notice  the  functions  of  R,  L  as  markers  (Ref.  3-9)  and  the 
need  for  logical  ordering  of  these  rules.  In  general,  the  markers  must  be  used  in 
conjunction  with  one  another  by  means  of  a  set  of  precedence  relations.  (This  may  be 
partly  responsible  for  the  general  feeling  that  English  orthography  does  not  present  a 
neat  phonetic  representation. ) 

The  computable  rules  for  mapping  the  orthographic  forms  of  English  words  into  corres¬ 
ponding  phonetic  representations,  as  discussed  herein,  have  been  checked  on  an  exhaus¬ 
tive  word  list  (the  monosyllables  in  the  SOX) .  The  computer  programs  provide  phonetic 
representations  for  each  of  these  words  as  recorded  by  five  lexicographers  and  for 
each  dialect  studied  by  them  (Refs.  3-10  through  3-14).  Such  an  examination  of  rules 
and  of  phonetic  data  goes  beyond  work  where  a  select  set  of  words  is  compared  with 
the  phonetic  transcriptions  by  a  single  authority  (Ref.  3-11):  the  merits  of  our 
approach  are  obvious  from  the  data  of  subsection  3.3.  The  rules  were  not  checked 
for  accuracy  with  published  information,  some  of  which  may  warrant  evaluation,  but 
they  have  been  precisely  stated.  For  example,  the  word  SIGH  can  be  analyzed  as  in 
the  following  tabulation. 


Orthographic  SOX  Phonetic 


Initial  consonant  string 
Vowel  string 

Terminal  consonant  string 


S 

I  + 

(GH/raarker-J 


s 

ei 
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GRUDGE/KERNEL  WORD 


Marker 


GR/Consonant  String  +  U/Vowel  +  DG/Consonant  String  +  Marker  E 


Interpretation  of  Consonant  Markers 


GR/Consonant  String  +  U/ Vowel  +  D  DZ  l/C ousonant  String  +  Marker  E 


j  Rules  of  Euphonic  Combination  I 


I 

GR/Consonant  String  +  U/ Vowel  +  Vowel  Marker  D  +  Marker  E  +  DZl/Consonant 

1  _ 

f  Interpretation  of  Vowel  Markers  ] 


Daniel  Shorter  A  Pronouncing  Webster's  American 

Jones  Oxford  Dictionary  by  Dictionary,  College 

Dictionary  Kenyon  and  Knott  3rd  Edition  Dictionary 


GRA3DZ1  GRA3DZ1  GRA6DZ1 


GRE2J  GRU5J 


grad  j.  gr»a  j- 


grAd|, 


Fig.  3-5  Operation  of  the  Program  for  the  Word  GRUDGE 
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Table  3-1 

PHONETIC  MAPPING  OF  ORTHOGRAPHIC  VOWEL  STRING  V  ACCORDING 
TO  TRANSCRIPTIONS  BY  KENYON  AND  KNOTT  <Ref.  3-9) 


If  U  is  precluded  by  J  or  R  or  L,  and 
followed  by  RE: 

Otherwise,  U  followed  by  RE: 

If  U  is  preceded  by  J  or  R  or  L  and 
followed  by  a  single  consonant  and  E: 

Otherwise ,  U  followed  by  a  single 
consonant  and  0: 

Otherwise,  U  followed  by  RCons: 
Otherwise,  U  follower  by  R: 
Otherwise,  U: 


Orthographic 

Phonetic 

Dialect  Cotie 

URE 

UR 

101 

lUr 

102 

Uo<r 

103 

IUa(r 

104 

URE 

JUr 

101 

lUr 

102 

jUe(r 

103 

IUa(r 

104 

U  ConsE 

I uCons  | 

101 

|  IuCons  1 

102 

U  Cons 

f  juCons  l 

101 

l  IuCons  J 

102 

U  RCons 

3^  Cons 

101 

3Cons 

103 

UR 

r 

101 

3{R 

103 

U 

A 

101 

The  consonant  string  GH  immediately  following  a  vowel  may  seem  like  a  marker  of 
"long  vowel  sounds,"  but  such  a  statement  is  less  than  63  percent  accurate;  a  much 
higher  accuracy  is  required  of  the  computable  relations.  The  accuracy  of  our  rules 
as  well  as  that  of  the  phonetic  data  studied  is  evaluated  in  the  next  section. 
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3.3  COMPARISON  OF  THE  PHONETIC  REPRESENTATIONS  OF  ELEMENTARY 

WORDS  IN  FIVE  DICTIONARIES 

Comparisons  have  been  made  of  the  phonetic  forms  of  elementary  words  in  the  five 
dictionaries  by  using  a  set  of  four  computer  programs  to  test  the  data  and  the  algorithm . 
These  programs  are  discussed  under  the  following  headings: 

A.  Comparison  of  the  phonetic  data  by  using  the  SOX  as  the  reference  set 

B  Comparison  of  the  phonetic  data  by  organizing  it  into  marker-orthographic 
vowel -marker  sets 

C.  Comparison  of  phonetic  data  organized  in  the  terminal  rhyme  order  of  words 

D.  Compilations  of  homonyms  according  to  the  transcriptions  in  each  of  the 
dictionaries  studied 

The  principal  objectives  of  such  a  comparison  are: 

(1)  To  evaluate  the  accuracy  of  symbol-for-symbol  comparison  of  phonetic 
data 

(2)  To  establish  a  computable  set  of  relations  between  the  various  phonetic 
representations  of  each  word 

(3)  To  define  the  smallest  set  of  symbols  over  which  the  relations  in  (2) 
can  be  established 

(4)  To  evaluate  the  phonetic  representations  in  the  five  dictionaries 

(5)  To  assign  a  measurement  criterion  to  the  confusion  that  results  from 
the  differences  among  the  phonetic  representations 

(6)  To  assure  high  accuracy  for  the  algorithm  and  for  the  phonetic  data  used 

3-3.1  Comparison  of  Phonetic  Data  by  Using  the  SOX  as  the  Reference  Set 

The  phonetic  representations  of  elementary  words,  as  in  the  SOX,  were  mapped  into 
corresponding  ones  in  the  other  four  dictionaries  (Refs.  3-11  through  3-14)  for  this 
program  (Fig.  3-6).  Such  a  mapping,  while  accurate  [about  95  percent  for  data  in 
three  of  the  dictionaries  (Refs.  3-11  through  3-13)]  and  indicative  of  the  computable 
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Interpretations  of  Vowel  Markers,  Consonant  Markers, 
ami  Some  Rules  of  Euphonic  Combination 

Daniel  A  Pronouncing 
Jones  Dictionary  by 
Kenyon  and 
Knott 


Webster’s  American 
Dictionary,  College 
3rd  Edition  Dictionary 


Fig.  3-6  Comparison  of  Phonetic  Data  by  Using  the 
Phonetics  in  the  Shorter  Oxford  Dictionary 
as  the  Reference  Set 
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relations  between  the  phonetics  in  the  SO X  and  those  in  the  other  dictionaries,  does 
not  establish  a  complete  set  of  simultaneously  computable  relations  between  the 
phonetic  representations  of  each  word  In  all  five  dictionaries.  Problems  also  arise 
when  a  word  happens  to  have  a  homonym  according  to  the  SOX  but  not  according  to 
one  or  more  of  the  other  dictionaries  (Ref.  3*23).  Similar  limitations  persist  in 
mapping  the  phonetic  forms  in  one  dictionary  (other  than  the  SOX)  into  corresponding 
ones  in  the  other  four. . 

3.3.2  Comparison  of  the  Phonetic  Data  by  Organizing  It  Into  Marker-Orthographic 
Vowel -Marker  Sets 

To  compensate  for  the  shortcomings  of  the  test  just  described,  the  data  were 
organized  according  to  the  marker -orthographic  vowel-marker  sets  as  illustrated 
in  Fig.  3-7-  (These  were  the  groups  of  symbols  that  provided  mapping  from  the 
orthographic  into  the  phonetic  forms  depicted  in  Fig.  3-3.)  Column  8  in  Fig.  3-7 
contains  the  orthographic  forms  of  words,  and  the  corresponding  phonetic  forms 
are  presented  in  the  same  row  of  the  matrix  but  arranged  so  that  the  data  for  each 
dictionary  occur  in  a  specified  column,  as  indicated  at  the  top  of  the  figure .  The 
columns  numbered  2,  4,  10,  13,  and  15  contain  either  a  blank  code  or  an  asterisk; 
the  former  indicates  that  the  phonetic  representation  was  manually  checked  with  that 
In  the  specified  dictionary,  and  the  latter  indicates  that  the  phonetics  were  calculated 
by  the  computable  relations  but  could  not  be  checked  because  the  dictionary  did  not 
provide  a  pronunciation  for  the  word.  The  orthographic  form  of  any  word  is  repeated 
in  column  8  as  often  as  distinct  phonetic  entries  are  given  for  it  in  any  dictionary; 
rows  starting  with  a  specific  word  (as  numbered  next  to  the  orthographic  form  in 
column  8)  are  arranged  according  to  the  numeric  order  assigned  to  the  dialect  pat¬ 
tern  as  specified  in  columns  12  and  15.  (Notice  that  the  row  number  in  column  8  may 
differ  from  the  dialect  code,  as  seen  for  row  number  five  of  LARE  in  Fig.  3-8  which 
has  a  dialect  code  number  106.)  Some  dictionaries  (Refs.  3-13  and  3-14)  present  data 
on  a  larger  number  of  dialect  patterns  than  do  the  others  studied  (Refs.  3-10  through 
3-12).  In  such  cases,  the  entries  for  specific  dictionary  columns  are  left  blank  when 
there  is  no  phonetic  entry  corresponding  to  the  specific  row  identified  with  a  particular 
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dialect  pattern  number.  (Dialect  code  101  identified  the  prevalent  pronunciation  in 
the  United  States  for  the  American  dictionaries  (lte£s,  3-12  through  3-14),  while  it 
represents  British  pronunciation  patterns  in  the  SOX  and  in  Jones  (Ref.  3-11)3, 

Such  an  arrangement  of  phonetic  data  in  rows  and  columns  creates  a  pattern  of 
phonetic  vowels  and  consonants,  orthographic  vowels  and  consonants,  and  blank 
spaces  for  each  of  the  words  (Fig.  2-7)  .  Consistent  portions  of  such  patterns  for 
a  word  can  be  compared  with  those  of  another  word  in  the  same  marker -orthographic 
vowel-marker  group  (Figs.  3-7  and  3-8).  When  such  patterns  agree  with  a  majority 
of  the  word  entries  in  the  class  of  words  being  compared,  these  words  are  considered 
algorithmic  and  the  above-mentioned  pattern  for  such  words  is  thus  defined.  When¬ 
ever  the  pattern  of  entries  for  a  word  differs  from  the  algorithmic  one,  each  of  the 
graphic  entries  for  this  word  is  tagged  with  a  code  in  columns  numbered  5,  6,  and  7 
as  illustrated  in  Fig.  3-8;  algorithmic  words  do  not  receive  such  codes.  The  code 
1W+  adjoining  the  word  LAKE ,  for  example,  indicates  that  all  the  pronunciations 
computed  by  the  algorithm  agree  with  those  in  the  source  dictionaries,  but  Webster's 
(Ref.  3-14)  provides  pronunciation(s)  for  tide  word  in  addition  to  the  computed  set  cor¬ 
responding  to  it.  The  code  5X  adjoining  the  word  GARE  indicates  that  all  five  of 
these  dictionaries  contain  phonetic  forms  that  do  not  agree  with  those  provided  by  the 
algorithm  By  use  of  such  a  data  comparison  program ,  the  algorithm  is  made  to 
represent  the  phonetic  data  as  accurately  as  possible.  The  principal  changes  in  the 
algorithm  and  in  the  phonetic  data  resulted  from  the  modification  in  the  interpretation 
of  the  marking  system  such  that  the  pronunciation  of  words  with  *  codes  (indicating  that 
the  computed  pronunciation  could  not  be  checked  in  the  dictionary)  in  any  one  of  the 
dictionary  entries  could  be  made  to  correspond  to  those  in  one  or  more  of  the  other 
four  which  carries  a  blank  code  (indicating  that  the  phonetics  were  actually  checked) 
according  to  computable  rules  developed  for  mapping  phonetics  in  one  dictionary  into 
that  for  another,  thus  minimizing  the  dependence  of  the  algorithm  on  any  one  dictionary 
datum  without  excluding  or  passing  judgment  on  actual  data  provided  by  any  of  the 
authorities- 
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Statistics  on  the  codes  Introduced  (columns  5,  6,  and  7  in  Fig-  3-8)  by  comparison 
of  the  phonetic  forms,  after  making  the  above-mentioned  corrections,  are  presented 
in  Figs.  3-9  and  3-10.  Note  that  the  disagreement  among  the  phonetic  representa¬ 
tions  is  not  limited  to  the  vowel  sounds  but  that  several  consonants  are  also  repre- 
sentated  differently  by  different  dictionaries.  Some  of  these  differences  are  indeed 
minor  ones;  e.g..  Kenyon  and  Knott  (Hef.  3-13)  map  the  orthographic  O  in  words  such 
as  GNOFF  ard  KOFF  as  o  ,  o  ,  e  ,  respectively,  whereas  the  same  orthographic 
letter  in  DOFF  is  represented  as  o  ,  o  ,  o  without  a  specific  indication  of  o 
representing  the  ’'eastern  pronunciation ."  Another  such  situation  is  the  omission  of 
dialectal  representations  marked  with  -  codes  (e  g.,  1W-)  in  column  7  of  data 
organized  according  to  the  illustration  in  Fig.  3-8  and  grouped  accordingly  in  Fig.  3-9. 
For  example,  Webster's  provides  only  "R  Dropper"  pronunciation  for  the  word  KERB  , 
a  word  commonly  used  in  Great  Britain,  but  no  entries  are  provided  for  the  "General 
American  Dialect(s)."  (This  word  is  among  those  counted  as  1W-  in  Fig.  3-9.) 
Moreover,  dictionaries  provide  occasional  additional  pronunciations  (see  discussion 
of  LAKE  in  Fig.  3-3)  and  these  are  grouped  1+,  2+,  etc.,  in  Figs  3-9  and  3-10. 

Some  words  are  in  error  because  the  algorithm  for  separating  elementary  words 
passes  occasional  polysyllabic  ones,  such  as  CAFE;  these  are  identified  by  a  P  code 
in  column  7  of  the  organized  data  (as  in  Fig.  3-8) .  Such  errors  should  not  be  strictly 
counted  against  a  general-purpose  algorithm,  and  it  is  debatable  whether  the  algorithm 
should  match  singular  eases  where  only  one  dictionary  disagrees  with  the  computed 
phonetic  representations  Such  situations  account  for  over  65  percent  of  the  errors, 
as  summarized  in  Figs.  3-9  and  3-10.  (Excluding  such  singularities,  the  algorithm 
provides  the  phonetic  transcriptions  of  all  the  words  according  to  the  corresponding 
representations  in  each  of  the  five  dictionaries  for  every  dialect  recorded  therein 
with  over  90-percent  accuracy .  Mapping  the  orthographic  forms  into  any  single 
specified  transcription  shows  higher  accuracy.) 

3.3.3  Comparison  of  Phonetic  Data  Organized  in  the  Terminal  Rhyme  Order  of  Words 

The  phonetic  data  were  organized  in  the  terminal  rhyme  order  in  a  selected  dictionary, 
as  illustrated  in  Fig.  3-11  for  the  Jones  dictionary  (Ref.  3-11).  Another  portion  of  these 
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Fig.  3-12  Data  Organized  According  to  Terminal  Rhyme  Words  According  to  Jones  (II) 


data  from  the  same  phonetic  source  and  for  the  fame  phonetic  vowel  is  presented  in 
Fig.  3-12.  Notice  the  differences  in  the  mapping  of  the  vowel  in  the  four  other  dic¬ 
tionaries  in  these  two  figures.  Such  a  test  whs  repeated  for  each  phonetic  vowel 
data  entry  in  each  of  the  five  dictionaries .  The  differences  in  the  patterns  of  entries 
point  out  clearly  the  inaccuracy  inherent  in  establishing  a  computable  vowel-for-vowel 
relation  between  different  dictionary  entries .  The  inaccuracy  in  establishing  a 
consonant -for  -  consonant  relation  is  obvious  from  the  discussions  of  figs.  3-9  and  3-10. 
It  can  be  stated  that  establishment  of  a  precise  relation  between  the  phonetic  forms 
given  in  five  dictionaries  requires  the  adoption  of  a  set  of  symbols  that  is  larger  than 
a  consonant  string  alone  or  a  vowel  string  by  itself  (and  it  is  not  the  set  of  syllabic 
nuclei  as  defined  in  recent  literature  (Refs.  3-5  through  3-8)] .  Further  study  of  the 
data  indicates  that  such  a  relation  can  be  established  on  a  marker-phonetic  vowel - 
marker  string  (as  was  the  case  for  mapping  the  orthographic  forms  into  phonetic 
representations).  The  group  of  phonetic  symbols  over  which  a  computable  relation 
can  be  established  accurately  is  like  the  segments  described  previously  on  the  basis 
of  phonetic  and  acoustic  studies  of  speech  (Ref.  3-9).  Such  an  agreement  may  indicate 
that  the  perceived,  and  possibly  the  produced,  characteristics  of  vowel  sounds  are 
determined  by  the  adjoining  markers  in  a  predictable  -  and  indeed  a  mechanically 
calculable  -  manner.  This  goes  beyond  results  such  as  the  concept  of  allophones 
(Ref.  3-14)  or  of  cues  between  consonants  and  vowels  (Refs.  3-3  and  3-4),  by  defining 
the  precise  conditions  for  the  different  speech  sound  representations  of  any  word. 

3.3.4  Compilation  of  Homonyms  According  to  the  Transcriptions  in  Each  of  the 
Dictionaries  Studied 

In  spite  of  the  observed  differences  in  the  phonetic  representations  of  elementary 
words,  there  remains  the  crucial  test  of  whether  they  cause  confusion  in  voice  com¬ 
munication.  Evaluation  of  this  aspect  calls  for  compilation  of  homonyms  in  these 
dictionaries  (Kef.  3-23).  A  homonym  3et  was  defined  as  a  set  of  different  ortho¬ 
graphic  forms  having  an  identical  phonetic  transcription  according  to  any  one  diction¬ 
ary  of  the  five  studied  (Refs.  3-10  through  3-14).  Any  member  of  a  homonym  set  was 
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called  a  homonym.  Since  each  dictionary  uses  its  own  phonetic  symbols,  homonyms 
were  compiled  separately  for  each  dictionary  and  all  the  elementary  words  were  con¬ 
sidered  for  this  purpose.  Pronunciations  for  words  not  included  in  ft  specific  dic¬ 
tionary  were  generated  by  algorithm  and  checked  carefully  for  correspondence  with 
phonetic  data  for  that  particular  word  in  other  dictionaries  (See  discussion  of 
Figs.  3-7  and  3-8.)  These  homonym  entries  were  identified  with  respect  to  diction¬ 
ary  and  dialect  patterns  and  the  words  displayed  in  alphabetical  order  (Fig.  3-13). 

It  is  readily  evident  that  certain  words  are  homonyms  in  some  dictionaries  but  not 
in  all  of  them,  whereas  others  are  homonyms  in  all  dictionaries. 

A  statistical  summary  of  the  homonyms,  among  the  5757  elementary  words.  Is 
presented  in  Fig.  3-14.  Notice  the  large  number  of  homonyms  and  the  marked  dis¬ 
agreement  among  the  different  lexicographers .  Some  normalization  was  performed 
on  the  data  by  removing  dialectal  pronunciations  (the  eastern  and  southern  dialect 
patterns  in  the  U  S.,  codes  103,  104,  105;  all  extreme  dialects,  code  200+)  from 
the  transcriptions  as  in  Webster 's  and  those  in  Kenyon  and  Knott .  In  spite  of  such 
normalization,  there  remains  a  marked  disagreement  among  these  transcriptions . 

(It  may  be  observed  that  variations  in  dialects  do  not  add  significantly  to  the  homonyms 
according  to  Kenyon  and  Knott  )  Information  was  also  compiled  on  the  number  of  sets 
of  two-word  homonyms,  three-word  homonyms,  etc.,  presented  in  Fig.  3-15.  (Notice 
the  10  to  1  scale  change  between  sets  of  three  and  sets  of  four.)  Table  3-2  provides 
additional  statistical  information  on  the  extent  of  disagreement  among  dictionary 
transcriptions,  confirming  the  need  for  more  precise  representation  of  speech,  as 
mer Honed  in  the  introduction. 

One  could  object  at  this  point  that  the  dictionaries  contain  a  large  number  of  obsolete 
words  and  ones  that  are  very  infrequently  used  in  everyday  conversation-  However, 
the  decision  to  limit  the  set  of  words  requires  very  careful  consideration  since  the 
purpose  of  this  study  is  a  general-purpose  system  for  mechanized  readers,  etc. 
Moreover  the  marker-orthographic  vowel-marker  groups  studied  here,  while  perhaps 
infrequent  in  elementary  word  sets,  are  found  much  more  often  as  constituent  parts 
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Number  of  Orthographic  Form*  for  One  Phonetic  Form 

Fig.  3-15  Graphic  Representation  of  the  Number  of  Homonym  Sets  Among  the 
Elementary  Words  in  Five  Dictionaries 
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Table  3-2 


STATISTICAL  SUMMARY  OP  WORDS  INVOLVED  IN  HOMONYM  SET b, 
SHOWING  THE  EFFECT  OF  DIALECT  REMOVAL 


Set  Description 


No .  of  Words  in  the  Set 
With  Dialects  Without  Dialects 


Total  Set  - 

Words  forming  a  homonym  according 
to  at  least  one  dictionary 

2966 

2714 

Words  forming  a  homonym  according 
to  exactly  one  dictionary 

746 

535 

Words  forming  a  homonym  according 
to  exactly  two  dictionaries 

236 

214 

Words  forming  a  homonym  according 
to  exactly  three  dictionaries 

169 

184 

Words  forming  a  homonym  according 
to  exactly  four  dictionaries 

290 

297 

Words  forming  a  homonym  according 
to  all  dictionaries 

1505 

1484 

of  polysyllabic  words  (Fig.  3-2)  and  none  of  these  groups  can  be  overlooked.  For 
example,  the  word  MOIRE  is  not  included  in  the  Thorndike-Lorge  list  (Ref.  3-25). 
However,  the  rules  for  mapping  it  are  identical  to  those  required  for  the  second 
syllable  of  MEMOIR  and  the  latter  words  appears  in  the  referenced  list  (Ref.  3-25). 

To  evaluate  the  effect  of  the  rarity  of  use  of  certain  words,  we  incorporated  into 
our  phonetic  dictionaries  information  about  the  status  of  each  word  and  its  parts  of 
speech  as  in  the  SOX  and  in  Webster's .  These  entries  are  explained  in  detail  else¬ 
where  (Refs.  3-26  and  3-27),  With  the  inclusion  of  such  information,  It  becomes  possi¬ 
ble  to  limit  the  word  list  to  those  words  that  have  a  standard  meaning  according  to 
both  SOX  and  Webster's,  thus  defining  words  in  current  usage  for  this  discussion. 

The  statistics  on  seta  of  homonyms  compiled  from  the  word  set  so  defined  (Fig.  3-16) 


3-29 


LOCKHEED  PALO  ALTO  RESEARCH  LABORATORY 

l  o  c  «  H  (  K  0  *  I  S  1  I  i  C  I  4  i  t  k  C  (  eo»»ANV 

A  G*Ou»  DililiCN  OP  lOCIRIlP  (ODOUliON 


‘i 

} 

i 

i 

s 

1 


Number  of  Orthographic  FormB  for  One  Phonetic  Form 


Fig.  3-i6  Graphic  Representation  of  the  Number  of  Homonym  Sets  Among  the  Double 
Standard  Elementary  Words  in  Five  Dictionaries 
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were  found  to  some  extent  to  resemble  the  distribution  presented  for  the  entire  set 
(Fig.  3-15),  but  their  total  number  was  reduced  approximately  in  proportion  to  the 
reduction  in  the  number  of  words. 

3.3.5  Comments 

The  results  of  homonym  studies  along  with  those  of  the  second  (subsection  3-3.2)  and 
third  (subsection  3.3.3)  tests  indicate  the  limitations  of  the  symbolic  representations 
of  speech  in  the  five  dictionaries  {Refs.  3-10  through  3-14).  These  tests  also  indicate 
the  extent  to  which  confusion  exists  in  associating  the  orthographic  and  the  phonetic 
forms  of  words.  Tests  one  {subsection  3. 3. 1)  and  two  (subsection  3. 3. 2)  do  establish 
the  high  accuracy  of  the  computable  relations  for  mapping  the  phonetics  in  one  dic¬ 
tionary  into  that  in  another  (Fig.  3-6),  as  well  as  of  those  that  map  the  orthographic 
forms  of  word*,  into  corresponding  phonetic  representations  (Fig.  3-3),  Both  of  these 
sets  of  relations  use  the  groups  of  symbols  called  marker-vowel-marxer.  The  first 
test  demonstrates  the  inadequacy  of  the  symbol  -for-symboi  comparison  of  phonetic 
data,  and  the  situation  is  confirmed  by  the  results  of  the  third  test  (subsection  3. 3. 3). 

The  phonetic  data  studied  for  this  paper  may  seem  to  indicate  that  dictionary  makers 
have  not  provided  as  precise  a  set  of  phonetic  representations  as  desirable.  However, 
such  a  conclusion  is  not  warranted  in  light  of  five  aspects  discussed  previously  and 
recalled  next  along  with  additional  *-'«*  data. 

(1)  An  algorithm  capable  of  computing  phonetic  forms  of  words  from  ortho¬ 
graphic  input  has  been  demonstrated  (Fig.  ,--3) .  This  is  true  for  each 
of  the  five  dictionaries  studied. 

(2)  An  algorithm  has  also  demonstrated  the  computability  of  the  phonetic 
representations  in  four  dictionaries  (Refs.  3-11  through  3-14)  given  the 
phonetics  in  the  SOX  as  input  (Fig.  3-6) . 

(3)  A  pattern  i  f  pronunciations  can  be  established  for  each  of  the  marker- 
vowel-marker  groups  of  symbols  (Figs.  3-7  through  3-10) . 
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(4)  Although  It  is  not  possible  to  establish  &  symbol-for-symbol  transforma¬ 
tion  between  the  phonetic  representations  in  one  dictionary  and  those  in 
the  remaining  four  (Figs  3-11  and  3-12) ,  such  a  symbolic  representation 
would  require  a  phonetician’s  decision  at  the  time  of  preparation  of  phonetic 
data  (Refs.  3-2  and  3-13).  Although  a  more  uniform  representation  may  be 
desired,  it  may  be  the  mechanism  of  speech  perception,  as  well  as  that  of 
speech  production,  that  leads  to  an  order'  modification  of  speech  sounds 
(Ref.  3-9).  (The  interpretation  of  the  linguistic  aspects  of  this  study,  such 
as  the  "grapheme  to  phoneme"  relations,  the  definitions  of  "phonemes," 

or  the  "sound  changes"  in  the  language,  are  beyond  the  scope  of  this  paper.) 
It  is  doubtful,  on  the  basis  of  data  presented  here,  that  a  uniform  symbolic 
notation  can  be  provided  for  even  the  most  well-defined  dialects  of  English. 
The  transcriptions  in  SOX  and  in  the  Jones  dictionary  result  in  a  25-percent 
difference  in  the  number  of  homonyms.  (About  10  percent  of  the  words 
have  different  phonetic  transcriptions.)  Both  of  these  represent  speech 
patterns  in  the  land  of  Professor  Higgins  (Ref.  3-28), 

(5)  The  group  of  symbols  over  which  one  can  establish  an  accurate  algorithmic 
relation  for  mapping  the  orthographic  form  of  words  into  their  corresponding 
phonetic  representations  are  similar  to  those  required  for  establishing 
computable  relations  between  the  phonetic  data.  These  groups  of  symbols 
also  agree  with  ones  described  on  the  basis  of  studies  of  the  mechanism  of 
speech  production  and  the  acoustic  characteristics  of  speech  (Ref.  3-9). 

An  additional  check  on  the  accuracy  of  the  phonetic  data  and  of  the  computable  rela¬ 
tions  was  to  compile  homonyms  from  only  those  words  that  were  algorithmic  (those 
with  blank  codes  in  columns  5,  6,  and  7  of  Fig.  3-8) .  These  data  (Fig.  3-17)  show 
a  marked  agreement  among  the  transcriptions  studied  (compare  with  Fig.  3-15). 

Eased  on  the  preceding  discussion,  one  can  aim  to  provide  a  set  of  computable  rela¬ 
tions  that  can  map  the  orthographic  form  of  words  into  corresponding  phonetic  repre¬ 
sentations  as  specified  by  one  or  more  oi  the  authorities,  and  the  resulting  phonetic 
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Number  of  Sets  of  Homony 


Number  of  Orthographic  Forms  for  One  Phonetic  Form 


Fig.  3  -17  Graphic  Representation  of  the  Number  of  Homonym  Sets  Among  the 
Algorithmic  and  Elementary  Words  in  Five  Dictionaries 
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data  can  be  expected  to  h**  highly  accurate  and  useful  fcr  the  operation  of  a  mechanised 
reader.  The  high  accuracy  of  the  computations  can  be  enhanced  by  incorporating 
certain  exce.  t  ur,  v-,  rds.  This  subject  is  discussed  next. 

3.4  SELECTION  OF  EXCEPTION  WORDS 

An  exception  word  is  defined  as  one  for  which  the  phonetic  representations  as  com¬ 
puted  by  die  rules  do  not  agree  precisely  with  those  in  each  of  the  dictionaries 
(Refs.  3-10  through  3-14)  for  phonetic  data  on  all  the  dialect  and  speech  patterns 
of  the  language.  When  the  algorithm  is  limited  to  providing  representations  in  a 
specific  phonetic  transcription,  an  exception  word  is  one  for  which  the  computed 
representations  differ  from  the  corresponding  phonetic  data  in  the  authoritative 
source. 

A  set  of  exception  words  must  be  added  to  the  program  such  that  their  phonetic 
representations  can  be  obtained  by  look-up  rather  than  by  computation.  Such  a 
requirement  increases  the  storage  required  and  decreases  the  speed  of  operation 
of  the  program;  hence,  words  to  be  included  in  the  set  of  exception  words  must  be 
selected  with  care. 

It  is  indeed  mandatory  to  include  words  such  as  ARE  for  which  the  algorithm  is  in 
error  according  to  each  of  the  five  dictionaries  and  which  is  indeed  an  important 
structure  word  of  the  language.  The  decision  may  be  different  in  the  case  of  words 
that  are  obsolete  or  of  little  interest  (but  care  must  be  taken  in  this  decision  as  dis¬ 
cussed  for  the  word  MOIRE,  which  will  be  considered  again  later)  Moreover,  it  is 
necessary  to  decide  on  the  pronunciation  of  words  for  which  there  is  disagreement 
among  the  transcriptions  (Figs.  3-8  through  3-10).  The  coding  of  words  in  our 
phonetic  dictionary  (columns  5,  6,  and  7  in  Fig.  3-8)  and  the  incoi poration  of  data 
on  the  dictionary  status  of  words  as  well  as  their  parts  of  speech  (Refs.  3-26  and  3-27) 
makes  it  possible  to  specify  the  types  of  v/ords  one  wishes  to  include  in  the  class  of 
exception  words  and  to  check  the  words  for  which  questions  arise,  thus  making  the 
program  flexible  for  the  definition  of  phonetics  of  elementary  words .  Six  generalized 
classifications  of  exception  words  are  described  next. 
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The  first  group  contains  words  such  as  ARE  for  which  the  transcriptions  in  ail  five 
dictionaries  do  not  agree  with  the  computed  values,  and  the  method  for  making 
decisions  about  these  ts  mentioned  in  the  above  paragraph. 

The  second  group  of  words  is  that  for  which  only  one  or  two  dictionaries  disagree 
with  the  computed  values,  as  discussed  in  subsection  3.3  for  the  words  GNOFF, 
KOFF,  DOFF,  and  KERB  as  well  as  those  classified  as  1,  1+,  or  1-  in  Fig.  3-9. 
The  inclusion  of  some  such  words  seems  justified  only  in  special  cases,  and  most 
of  these  represent  minor  problems  as  mentioned  previously. 

The  third  group  of  exception  words  represents  inaccuracies  in  the  algorithm  that 
separates  the  elementary  words  from  the  total  dictionary,  resulting  in  polysyllabic 
forms.  Some  commonly  used  words  (e.g.,  CAFE)  merit  inclusion  in  this  category, 
but  with  the  stipulation  that  they  will  not  be  effective  when  the  algorithm  operates  on 
individual  syllables  of  polysyllabic  words.  The  obsolete  words  in  this  group  may  be 
ignored  for  most  applications . 

The  fourth  group  contains  words  that  require  more  than  one  rule  for  their  mapping. 
These  are  not  really  exception  words,  but  they  may  improve  the  efficiency  of  the 
algorithm.  An  example  of  such  words  as  MOIRE,  which  calls  for  inclusion  of  a  w 
sound  between  the  first  consonant  and  the  vowel  string.  Such  occurrences  tend  to 
repeat  in  polysyllables,  as  evident  in  the  pronunciation  of  MEMOIR. 

The  fifth  group  contains  words  that  have  multiple  phonetic  representations  for  the 
same  orthographic  form,  such  as  HOUSE  and  BOW.  Such  cases  may  be  resolved 
only  in  context  or  by  use  of  parts  of  speech  information,  a  subject  which  i3  beyond 
the  scope  of  this  paper. 

The  sixth  group  contains  singular  words  that  do  not  fit  a  general  pronunciation 
pattern,  such  as  the  differences  in  the  pronunciation  of  LASS  and  BRASS  in  the  SOX. 
Some  of  these  words  are  singular  in  one  or  more  dictionaries  (as  presented  in 
Figs.  3-9  and  3-10),  and  some  such  as  CHEF  and  CHERE  retain  their  foreign 
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pronunciation.  The  decision  on  inclusion  of  these  is  a  matter  of  preference  by  the 
computer  programmer  or  the  specifying  linguist  or  by  both  of  these  parties. 

With  the  use  of  codes  (columns  5,  6,  and  7  of  Fig.  3-8)  and  the  information  on  the 
status  of  words  (Refs.  3-26  and  3-27)  the  precise  criteria  for  the  program  can  be 
specified.  The  data  in  Figs,  3-9  and  3-10  also  aid  in  evaluation  of  the  accuracy  of 
a  resulting  program  when  the  criteria  have  been  decided  upon.  Should  one  wish  to 
work  with  phonetic  data  that  are  different  from  the  set  studied,  it  may  be  possible 
to  focus  attention  on  words  that  are  known  to  have  disagreements  with  the  present 
algorithm,  hence  making  it  possible  for  the  programmer  to  ask  the  consulting  linguist 
about  phonetic  representations  of  a  specific  set  of  words.  With  such  information  and 
the  coded  phonetic  dictionary  as  aids,  programs  can  be  written  to  meet  the  exacting 
requirements  of  many  groups  without  sacrificing  unduly  the  operating  efficiency  of  a 
program  by  inclusion  of  an  unnecessarily  large  number  of  exception  words,  or  the 
accuracy  of  the  program  by  not  incorporating  the  correct  and  complete  set  of  rules 
and  the  requisite  set  of  exception  words . 

3.5  EXTENSION  OF  THE  PROGRAM  TO  INCLUDE  MONOSYLLABLES 

The  English  monosyllables  contain  all  the  elementary  words  of  the  language;  most 
of  their  plural  forms  (obtained  by  the  addition  of  ES)  and  past  tense  or  adjectival 
forms  (as  obtained  by  the  addition  of  ED);  words  ending  in  CUE,  GUE,  QUE,  GNE, 
DME,  etc.,  which  have  characteristics  that  are  similar  to  those  of  elementary  words; 
common  words  such  as  HE,  SHE,  ME,  etc.,  grouped  into  a  zero  vowel  category 
because  the  final  E  is  tagged  as  a  marker  (Fig.  3-3);  the  letters  of  the  alphabet  by 
themselves;  and  words  such  as  TABLE,  BOTTLE,  and  their  plural  and  adjectival 
forms,  etc.  The  last  of  these  sets  of  words  is  polysyllabic  according  to  most  dic¬ 
tionaries,  but  these  words  contain  a  single  interrupted  phonetic  vowel  string  according 
to  the  SOX. 
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For  extension  of  the  algorithm  to  include  the  above-mentioned  words,  it  was  necessary 
to  implement  a  portion  of  the  program  illustrated  in  Fig,  3-2  to  separate  the  appro¬ 
priate  ES  and  ED  endings,  etc.  (Fig.  3-18).  The  E  in  these  endings  was  treated  as 
a  marker  {$?},  and  the  algorithm  for  the  elementary  words  was  used  for  computing 
the  phonetic  forms  of  words.  The  words  ending  in  CUE,  GUE,  etc.,  required  a  minor 
modification  of  the  algorithm ;  namely,  the  U  had  to  be  treated  as  a  marker  that  blocked 
the  operation  of  Words  such  as  HE,  ME,  and  SHE  were  mapped  by  first  adding  1? 
to  their  orthographic  form  and  then  computing  the  phonetic  representations.  The 
letters  of  the  alphabet  required  a  special  set  of  rules.  Most  of  the  vowels  (A.  E,  l,  O 
U)  could  be  mapped  by  adding  an  ?  to  their  orthographic  form;  consonants  such  as 
Z.  B,  C,  and  D  required  the  addition  of  E#  to  their  orthographic  form;  some  conso¬ 
nants  such  as  F  and  H  required  (E  consonant)  representation  in  their  orthographic- 
form;  and  so  forth.  The  pronunciation  of  words  such  as  TABLE  and  BOTTLE  was 
computed  by  permitting  the  E  to  operate  as  a  vowel  marker  across  a  (single 
consonant  +  L)  group  only. 

By  incorporating  modifications  such  as  those  mentioned  above,  the  revised  aigorithro 
was  used  for  computing  the  pronunciations  of  English  monosyllables.  The  second 
test,  described  in  subsection  3.3.2,  was  applied  to  the  completed  data  for  just  those 
monosyllables  that  were  not  in  Hie  set  of  elementary  words.  The  results  of  these 
tests  are  summarized  in  Figs.  3-19  through  3-22.  Notice  that  the  test  results  are 
grouped  for  monosyllables  (Figs.  3-19  and  3-20)  which  can  be  compared  with  data  in 
Figs.  3-9  and  3-10;  for  occurrences  of  polysyllabic  pronunciations  for  words  ending 
in  ES  (Fig.  3-21);  and  for  words  ending  in  ED  (Fig.  3-22).  Notice  also  the  lack  of 
agreement  among  the  lexicographers  about  the  polysyllabic  pronuncation  of  words 
ending  in  ES  and  ED,  which  makes  it  difficult  to  specify  a  simple  algorithm.  However, 
this  subject  concerns  polysyllabic  words  and  hence  is  beyond  the  scope  of  this  paper. 

Comparing  the  data  in  Figs.  3-19  and  3-20  with  the  data  in  Figs.  3-9  and  3-10,  and 
considering  that  the  number  of  words  in  the  former  case  is  smaller  than  that  in  the 
latter,  one  can  conclude  that  the  algorithm  is  just  as  accurate  on  the  added  set  of 
words  as  it  was  for  the  elementary  words  (for  which  computable  relations  were 
defined). 
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OUTPUT  (E.  W.  P.  EXCEPT  CONS.  -L 

FORMAT  PORTION) 


Fig.  3-18  Modification  of  the  Program  To  Include  the  English  Monosyllables 
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Fig.  3-19  Statistics  on  Disagreement  Among  Dictionaries  for  Phonetics  of  Additional 
Monosyllables  (Except  Those  Ending  in  ES  or  ED  Which  Have  Polysyllabic 
Pronunciations).  Total  of  1147  words  represented  (I) 


Fig.  3-20  Statistics  on  Disagreement  Among  Dictionaries  for  Phonetics  of  Additional 
Monosyllables  (Except  Those  Ending  in  ES  or  ED  Which  Have  Polysyllabic 
Pronunciations).  Total  of  1147  words  represented  (II) 
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Number  of  Words  Number  of  Word* 


Fig.  3-21  Statistics  on  Polysyllabic  Pronunciation  of  Words  Ending  in 
ES  According  to  Five  Dictionaries 


Fig.  3-22  Statistics  on  Polysyllabic  Pronunciation  of  Words  Ending  in 
ED  According  to  Five  Dictionaries 
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The  properly  corrected  {by  procedures  described  in  subsection  3.3.2)  phonetic  data 
on  the  English  monosyllables  were  used  for  compiling  new  and  complete  sets  of 
homonyms  {as  described  in  subsection  3.3.4}.  The  data  are  presented  la  Fig.  3-23. 
Notice  the  limited  effect  of  the  addition  of  words  to  the  575?  elementary  words. 

{See  Fig.  3-15.) 

The  results  of  computation  of  phonetic  forms  of  additional  words  indicate  that  the 
computable  relations  described  for  elementary  words  can  indeed  be  extended,  and 
the  accuracy  obtained  with  the  new  aet  of  words  is  at  least  as  high  as  that  for  the 
elementary  words .  Moreover,  the  number  of  and  distribution  of  sets  of  homonyms 
are  not  altered  significantly  by  the  addition  of  words  to  the  elementary  word  set.  The 
phonetic  systems  and  the  computable  relations,  as  discussed  in  this  paper,  remain 
highly  accurate  and  suitable  for  working  with  polysyllabic  words . 

3.6  SUMMARY  AND  CONCLUSIONS 

We  have  discussed  the  existence  and  accuracy  of  relations  between  the  orthographic 
forms  of  English  monosyllables  and  their  corresponding  phonetic  representations  for 
the  various  dialects  and  transcriptions  {Refs.  3-10  through  3-14)  as  well  as  those 
between  the  various  phonetic  representations  that  correspond  to  any  of  these  ortho¬ 
graphic  forms  and  as  transcribed  by  five  lexicographers  {Refs.  3-10  through  3-14}, 
The  description  starts  with  the  computable  relation  for  the  set  of  elementary  words 
and  extends  their  applicability  to  English  monosyllables. 

Some  of  the  difficulties  in  determining  the  phonetic  representations  of  corresponding 
orthographic  forms  and  the  disagreements  among  lexicographers  on  such  representa¬ 
tions  are  discussed.  Limitations  to  the  specification  {in  a  technical  paper)  of  a  set 
of  rules  that  map  the  orthographic  form  of  English  words  into  corresponding  phonetic 
representation  are  indicated;  a  more  general  method  for  computing  such  relations  is 
described  and  evaluated;  different  types  of  errors  are  studied;  and  an  approach  is 
presented  for  the  selection  of  exception  words  by  use  of  codes  incorporated  in  the 
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Fig.  3-23  Graphic  Representation  of  the  Number  of  Homonym  Sets  Among  the  English 
Monosyllables  in  Five  Dictionaries.  Total  of  6904  words  represented 
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unique  phonetic  dictionary  (Fig.  3-8,  and  data  on  status  of  words,  Refs.  3-26  and 
3-27).  The  exception  words  are  used  for  increasing  the  accuracy  of  computations, 
and  the  coded  information  is  used  for  increasing  the  efficiency  of  the  algorithm  by 
proper  selection  of  exception  words. 

The  smallest  group  of  symbols  (called  marker -vowel-marker)  over  which  the  com¬ 
putable  relations  between  the  orthorgraphic  and  the  corresponding  phonetic  forms 
of  English  monosyllables  can  be  established  is  mentioned  and  evaluated.  Comparison 
of  data  for  such  a  group  of  symbols  is  shown  to  provide  an  accurate  set  of  computable 
relations  for  mapping  the  orthographic  forms  of  w'ords  into  corresponding  phonetic 
representations,  as  well  as  to  provide  an  accurate  set  of  computable  relations  between 
the  various  phonetic  representations  studied  (Refs.  3-10  through  3-14). 

Evaluation  of  the  phonetic  data  indicates  a  marked  disagreement  in  the  symbol-for- 
symbol  relation  between  the  various  phonetic  transcriptions.  The  confusions  that 
result  from  such  discrepancies  are  evaluated  by  a  compilation  of  homonyms.  An 
evaluation  is  made  of  the  exte.it  to  which  such  confusion  can  be  attributed  to  differences 
in  regional  pronunciation  patterns  and  also  the  extent  to  which  the  confusion  can  be 
reduced  by  restricting  the  number  of  words  as  either  double  standard  in  their  syntactic 
status  (Refs.  3-26  and  3-27)  or  algorithmic  in  their  phonetic  status. 

This  entire  treatment  is  aimed  at  computer  programmers  and  engineers ;  hence, 
an  operational  point  of  view'  is  taken  throughout.  This  may  differ  from  some  linguistic 
approaches  and  concepts,  but  consideration  of  these  is  beyond  the  scope  of  this  paper. 
'P'is  work  describes  the  computable  relations  between  the  orthographic  and  the  phonetic 
forms  cf  English;  it  provides  a  computable  definition  of  the  dial  :et  patterns  studied; 
and  it  defines  the  group  of  symbols,  called  raarke^-vowel-markcr,  for  which  ortho¬ 
graphic  and  phonetic  forms  can  be  related  as  well  as  ones  for  which  phonetic  data  can 
be  accurately  compared  and  related.  Thus,  it  describes  the  computer  programs  and 
definitions  of  phonetics  of  English  words  for  use  with  speech  recognition  equipment 
and  for  machines  that  can  read  English. 
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(DA30BBIE  nPEBPAII^EHHH 
B  FJiyBHHAX  3EMJIH 


J^OCTHHCOima  MeXftBKKB  B  4>il3HKH  B 
XVII—XVIII  bb.  noaBonriau  aapofle.iiiTb  mbc- 
cy  ii  cpo^i’Wiio  aaoTuocib  3eMAtf.  IIocJiOMuaa 
OKaaaJiacb  paBu oft  5,5  e/cjt*.  A  raK 
uoCTb  nanGonao  THXtaaux  uopofl  11a  uOBepxuo- 
ct«  3eu.au  ue  npeBumaer  3,3  i/cm1,  to, 
ecrecTBciino,  Boatman  o  npeACTaBJieuHo,  hto 
uauruocri.  3oujih  yBCJiuiunaoTcu  c  rayfiii- 
noii. 

<{>uKtm  cymoci  uoaaiiiia  )ucJie3iiux  uotco- 
purou,  a  Tuioiio  u  apouwou  nony.iapnaHToopua 
ii|ioiicxojkaouiih  3omjui  B3  ropanero  noatfCTaa 
Cojinna  iipiiuo.ia  Miiorux  yioiiux  k  uucjiuo 
KoauoiiTpanuu  ace.toaa  n  uuiiTpo  3eiiJiu.  llpa- 
uoHaTCJiLiiu,  hto  ywe  uuoaiio  oupeju-'icmiue 
BucKaauiiauun  iJspaimyacKoro  reoaora  A.  U,oG- 
pajo  18150  r.  o  weacanou  uppo  3cujjh  Biaope 
nojayiuau  uo/wo  pau<y  co  cropouu  ceucuojioroa, 
KOTopuM  b  KOiiue  XIX  u  nanane  XX  b. 
ypaaocb  ycrauouuTb  uanuHue  b  3o«Jie 
n/ipa. 

B  20-x  ronax  Tcaymero  ctiwictuh  B.  M. 
roJiLAciMBAT  (liopuoriiH)  u  ue»iem<nii  (Jiiiaimo- 
xhuiik  r.  Tuimnii  pa anna a  DpoACTuuaeuue  0 
tom,  hto  u  ticpaouuHaaMio  pauinubneiiiioft 
3oiuio  opoacxoAUJio  paancaonuo  («H<p<pepeii- 
uuapiui)  buiuocto  uo  mx  naoTmicTU,  auajioni'i- 
no  Tuny,  hto  uu  umoom,  uuupuuep,  npu  njIBB- 
i;o  cyabituiJtiiux  py;p  llpu  stum  upouecce  uo- 

HBJIHIOTCH  TpU  CJlOli:  UUIttK  {CHJtHKUTIlMU  CJIOii), 
iutouic  (cuocb  cyab*|iii;(on  u  niTaJiJia)  u  coG- 
CTBOUUO  mutujiji.  Ccrjiacuo  jToii  ruiiuTcao,  a 
3uuno  BuiAoanaticb  c.ic/ryromiio  cnou:  ciuuiuaT- 
uuii  u  cyai-<|iUHiibtii  (oGojiomiu  3eujiu)  u  mo- 
Tu.uiiiHecinm,  coctuiiuviiu  ua  mi-niju  c  npu- 

UOCbKI  IIHIil,.TII  (n;ipo  3c>M.iit}, 


AjucpBKaBCKus  yHeuue  <I>.  KaapH,  t.  Banmur- 
tou,  JI.  Arabic  u  AP-  ue  BUAeaaAu  cyn  biJiBfl- 
uui  cao&;  ohm  uaaara.au,  hto  jneaea- 

"uu  HApou  i!  cuauKaTuod  o6oxoHKod  uaxo- 
Abtch  Qpoue>KyTo4uaa  ofiaacTb,  cocToau^aa  xa 

CHttCU  CBAHKaTOB  U  4(0,1638.  , 

Toopua  cjiohctoh,  xbmhhgckit  AU<H>epeU' 
AttpoBBUiioft  3eu.ni,  bo  uuorou  uoAKpeuaa- 
aacb  AauuMMU  ceucuoAoroa,  Koropuo  nepoo- 
iianaxuio  chutbau,  hto  b  mbutmii  (oGoaohko) 
3oM.au,  t.  e.  b  Tor*  ee  hbcth,  KOTopaa  pacuo.no> 
arena  Meatfly  aoMuoi  Kopou  a  aapou,  cyu\e- 
CTsyoT  auoro  rponun  paaflena. 

B  naJibuciimoM  yciioxu  reoiJiuaiiKU  u  kocmot 
rou mi.  cunaauiiMu  r.i.iutiuri  oGpa.iou  c  iiMona- 
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mu  aurjtuHauuua  I'.  Hace^puca,  uoxua  B.  ry- 
ruuGepra,  uoiiaaeaauAU*  K.  Byaaeua,  coaer- 
cKoro  yicuoro  O.  K>.  LUmhjt*,  auepuKauua 
Hut.  Kofiuepa  u  AP-.  aactauuu  bhoctb  cymo- 

CTBOllUUe  KOppOKTMBU  B  3TH  upoACTaucuMH. 

Burnt  yroHitouu  ko.iuhocvbo  ■  xapaxTop  rpanuu 
pa3A»na  a  3e»uie,  Hayneiiu  yupyrue  cbomctbb 
do  iviyGuii,  uoayuouu  abuuug  o  pacnpeflOJieuuu 
uJioTiiotTU  b  3ouae.  Oauobpouoijuo  b  Caere 
iiouux  ruuoToa  o  npoMcxowAOiiuu  3omjm  a 
cujijiuhiiou  chctouu  apryueuTU  b  uoaaay  or* 
uciiuo-wuakou  craABB  B  pa3Burua  3cubb 
uurupu4u  cuuKt  ciujy.  reoxuuutecKue  uaGato- 
Aciiuit  tuK/KO  uaao  coroacoiianHch  c  npefl- 
CTauJteiiucu  o  itcitorAa  pacpaauaemiofl 
3oM4U. 

OGoGtnun  po3yAtT»Tij  Miiorux  uccxeAoia- 
tojiuu,  K.  Cy.iaun  buacaxa  a  3ouju  p«A  aou, 
OTJiitHuioupixcfl  Apyr  ot  npyra  uo  4iu3ubockum 
cuuuctuum  (puc.  1).  OxaauAoci.,  hto  yupyrua 
cuoticTUu  (kkwiohkh  (uuhtuii)  3oujjh  tbkohu, 
HTO  cyabijillAU  TB>KC4UX  MOTBJIAOB  HJ1U  MO- 

TaJtauHucKou  )!toJieao  no  uoryr  uaxoABTbCH  b 
UU0  a  aauitTiiux  kiwiiihocth»i.  Oaubko  upoA- 

,  tKWIOJKOIIlIU  «liH311HCCKM  U  XIIUUHOCKM  OAllopOA* 

uou  (rouonjimofi)  caJiuxaTiiou,  npouuyutecT- 
bouuo  aauuunoBou  l,  ubutuu  3omjm  BCTynaer 
B  UpoTBBOpemte  C  MBBOCTDMUH  reO^HSHHOCKII- 


1  Oaaauu  —  cnaaKaT  uaraMX  u  mobcm  (MgF«)f 
-SiO*. 


BtB  ABBMMMB.  OttlMMOCfj, 

HTQ  B  BOB*  «C»  ptMWO 
Boipacraer  exopocn.  ea*- 

CMK'ieCKMX  BOJUI  (CM. 
puc.  i)  B  paCTBT  MiiBT- 

poapoBOAnoctb.  Ha  »o- 

tty  «C*  ItpUXUABtCA  MBX- 
cuuy  u  r  a  ySoKO^oKycaux 

BOUAeTpflCOHBfi.  JlpOAUO- 

•saucAuue  o  roMorottuou 
HSUTU  UpKBOABT  K  no- 
BtspoATito  CoauuoMy  mo- 
MOUty  Buopiutu  BflD&- 
Haarcuy  K.  EyaaeuGua 
Buuyu<ABU  upennoao- 
»tlTb,  HTO  BUyipB  30UU 
«C»  TaKuce  peaKo  ysoAU- 
HUUaeTCU  rptAHOUT  UAOT- 
II0CT11. 

Eat,o  b  1936  r.  ■  xa- 

BOCTllUM  BUrAHftCKBi 

yiouufi  Hw.  BopuaJt  nu- 
TtACA  oGVBCHMTB  BUO- 
MBBMUIO  CBOUCTBa  OOHM 

«C*  uepaxoAOM  oxbbu- 
«a  b  Goaoo  naoruyio  MOAXijutKanxio,  BMO»myio 
ctpyKTypy  Tuna  irniBHoaa.  Ctpyirrypuuft  Tan 
tnanuoxH  npoACTBBUM  cofioft  jutorueimya) 
KyfiMH0CKyB>  youauy  bomob  xucJopoAu 
c  xtTMOHBMB,  pacuaiartuomuMBca  B  oxra- 
3Apu<iecKBX  b  TorpaaAPBBOCKBX  noaojKO- 
UttUX. 

CrpyuTypa  tunrai,  xorx  b  oCaaAaer  nxor- 
hob  toed  ynaxosKoi,  ho  cxjubo  Bcxaweua  a 
norouy  nepoxoA  b  Gojoo  cuMMOTpurayio  yaa- 
Kouay  mnHuoaa  6ypjn  coupoao»EA>Taca  yao* 
abhouuom  uaoruocTu. 

B  nacToHtuco  apvMB  noayaeuu  uexoTopuo 
xorBanuue  AoxaaawiKTBa  bobmohuioctb  bo- 
AoCuoro  nopoxoAB.  3ra  rmoonaa,  xotb  b  no 
tauaiur  noAitocTuo  oCbbchbtb  act  ocoGoitao- 

CTU  CTpOOUUB  MBUTBB,  BO  TOM  MO  MOUOO  UO 

auasoimo  sauAtoHaercx  a  tom,  hto  oiib  ooaCy- 
Aiuia  Co.ii.moa  BUTopoc  x  npoCAoxo  ^maxHoc- 
Koro  HaHuiiuuus  coctobbxb  aaipecTaa  uauTHB 
ilOA  AuflCTBHOM  ABBAOliBB. 

'  AucpuKaitcKHa  roo^aiMK  <1>.  Bopn,  ao- 

TaJIbHO  VHHBiUUi  CBoAcTBB  MBUTMU,  UpMlUM 

x  uuBoay,  hto,  no  acott  bop.obtuoctm,  oAait- 
ctbouuou  uooAUopoAuoi  (moporouHoi)  oC- 
lul-TUB  B  MailTUK  BOABOTCB  BOHB  tC*,  B  BUTOpoi 
Mu/KiiO  OWHABTB  ^USarOCKBI  M  XHMHHOCKMI 

HiMOiiosiufl.  0 Alien poMonuo  mm  Cubo  noMtaauo, 
hto  ynpyruo  cuoficTMa  uuuiiieu  mbutbb-  ujim 
SOUM  «/>•  C4IIUIK0U  tUCOKU  ABU  oCuhiiui  cu- 
AMKaTOB  C  KpUUUMOU  B  HOTBOpUOfi  KOUpAUIla- 
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H*H  BO  IROJIBt  COOT  Beret*  y»T  BJtOt- 
iit*yn*xo*auuuu  okmcjum  tub  «epn- 
jwiaa*  MgO,  pyrxji*  TiO,  *  Kopyin* 
A  1,0,.  Ha  3Tom  ocuoBauBH  <1>.  Bepw 
tipoMiiojiowHJi,  iro  d  acme  «C»  npo- 
UCXOftMT  BOpeCTpoiK «  ijjCppOMuriie- 
aMaitbuux  cMHKaroa  n  iuurruo  yua- 
tioaauiiue  eTpymrypu  upocTux  u  cm>k- 
mux  okhcmuu. 

i'mioToaa  «Ji.  r>opwa  rpoOycr  iiopoxo 
via  KpauiiUB  ua  weroopiiofi  iioopAiiua- 
nun  ti  Bfoerepiiyio,  r.  e.  raKue  pu«> 
lKwiomoiido,  rfle  ooKpyr  KpeHinm 
pyuto.iiiraeTcji  mccrb  utouob  khcjio- 


ra 


vy  <Xm! 


#-sl  Q-o 

*Puc.  3.  GSuuiii  bh.i  viieuoufapiiiiu  aaviiiiu  uon.u  mpmu^im** 

mut  3iO»  (t)  u  KOopaiiaaiMOUHui  oia-uvnp  KpetMIUN  (6) 


O/iiiuKo  B03MoxaiocTb  noAoCnoro  Haiiouc- 
mm  Koop/iuimumt  y Kpouuun  iioAUopnuiaci.  co- 
Mmmiiio.  ii  cumin  c  Bumectcaaaiuiuu,  iiumii, 
c.iiuMiicriio  c  naywiiuu  ctiTpy«ini icon  MiicruryTa 
<Jin  tu km  uucokiix  aauaoHiiu  AH  CCCl*  C.  ii.  ilo- 
liouiiii,  Guam  uocTaoJiciiU  ouutu  no  iiaywuuiiiu 
cucrmtiiiui  itpouiioaoua  u  ycJionimx  cuopxBuco- 
khv  Aauaotimi  a  bucokui  TCMiiopuTyp.  Pa- 
<“101.1  lllHHtO'lll.'iari.  HflH  1100011(11  ycTUUOHKil , 

4ii:i;tauiiou  u  HtPliji,  AH  CCCP  11  ciiocoonoii 
itwinpitpouaTL  muiuicuho  no  200  rue.  am  11  eo- 
•iit, until  c  UMCoimuK  TOMHOparypaun. 

Ii  uuMoctuo  ticxoAitUX  uomoCTB  yuoTpeO  ni- 
•ni*‘it  Kuapn  a  uuuptliiiuu  Kpeuueaeai.  Ouutu 
iipoiioAiuiiici.  n pH  AaiiJteiiuux  ot  30  mo  145 
m.mriap  ii  Tewuopary pax  ot  1200  no  2000  ”C. 
Itp»  AaBJiimiiH*  11.0  —  145  KU.wCap  u  Tewno- 
paiypux  mto.io  1500  °C  y;iu;ioci>  oGitapyaaiTb 
iirii.invctiiyw  tjiaay  c  bucokhhu  110Ka.1uTc.i11- 
mh  iiponoHJiemin,  h  un;io  liroJii.'iatux  11  iiaa- 
<  I II  It  HUTU  X  ICpItOTUJlJIOB  pa3»U-poll  fll)  0,5  MM 
2). 

Honan  tji.ija  UHiiJla  uueoityio  TuopMucTi., 

O.lttll.yKJ  1(  flH'pjtOCTII  KOpyilAa,  II  IIJIoTIHJCTb 

4.0.'  ,‘h‘M3,  a  to  upcun  kok  nauGo/iou  11. Ionian 
lt.>  ncox  ii.iuvcriiux  Mo  cux  iioji  uu/i,iu]>iiKai(i!if 
i;pi  «in':ii'Ma  —  Honour  —  11  hoot  h.iotiiucti. 
3.01  ,’/cji3.  Ilpii  110HO1HH  xiutiiweciuix  n  ciu-iiT- 
pa.Ti.nux  iicc.'tvMOuaiiiiu  yAaJioct  ycrau«iHi'*a, 
»ini  miu.ui  tjiiiau  chctoiit  ua  hhctoiu  kpi-huc- 


noKaaa.TO,  hto  Honan  uoMU^xiiauim  xpoMHese-  . 
xia  umoot  !;pticTa.T.TU<ioci<yio  crpyKTypy  e  Kpon- 
iiuou  i>  uiocTupiiou  lCoopMUuauuu  (pac.  3). 

!  iooGxOAHHO  3aMOTHTL,  <iro  yCJIOflilfl  UOMyno- 

mm  uouoii  umotiioh  uoMUii'UKauHu  SiO.  co- 
uiiaMaxiT  c  ycjionuMuu,  iipoMiuwiaraowuMH  mjih 
iH'pxiiHX  MacTt.ii  cm  on  «C»,  r.tu  kuk  pa3  11  o>kh* 
Aaaitcb  (finnovue  liopexo/tu. 

UpiiGAiDutmiiue  iiomcmotu  miKuJunaioT,  hto 

MOMC.'Ib  llllllCIIDit  MUHTUll  (uoiiu  «/>*),  COCTOHUiaH 
its  Mexaiiu'iecKOu  cxtecu  .M^O  (nopiiKMa3u), 
l-’cO  (uiocTina)  i»  iiOBuii  uomh<1)1iicuHiih  SiO,  Gy- 
MOT  H HOT  1.  UJlOTIiOCTl.  II  yllpyiOCTb,  DHOMliO  CO- 
i.TacyiouTiidOT  co  cnuticTuauii,  u3uocthumu  mmh 
.  iiinuiioii  MaiiTUa  it 3  DiiCiiopiiMoiiraMLiiUX  u  Teo- 
POTU'IOCKIIX  MUIIIIUX.  Ho  MOHCltO  II  JlOMHO-Ta- 

rarn.  *uo  iiiiiiaum  m.iiitiih  ho  iipoMfT.uuiiioT 
coGou  Moxaiiii'iocKon  cutcn  jiiiMiiuHMya.ii.iiux 

OKUCMOli.  1)  JfHll  C.'iyHJO  HIIlKliim  UUilTHH  JHO- 
jhot  piicCHaTpuitaTt.cn  Kali  luiioronnoo  umno- 
cttiu  c  ii.ioTiiciiuioii  yiiuKouKuii  kucjiojhimou, 
oiiTa'jflpii'ioCHiio  liojioiivotimi  HOTopoii  aainrru 

MUITIIIOM,  IliCMO  lOU  II  KpcHIlUOH  C  HOy HOpHMO'IOII- 
liUIJ  JUU'UO.'ltl.litlllU'M  HOCJIOMIIIIX.  lloMC'IUTU 
H.JoTliocTH  cociauu,  coofuoTCTiiyiomoi o  uomo- 
CTBy  umiituh,  upoMtioMaraH ,  no  oua  aaxoMUTcn 
n  QuuicyiiaaaiiiioM  CTpyiiTypiiuii  coctoiiiiiui, 
Taiuiic  cor.Tar >'kitch  c  ii:iuoctuuiiiu  ;uui>umh, 
lleOOXO.lllHu  UUMMCpiCliyTU,  ‘ITU  lipoMUOMa- 
iiicHUo  CTpyiirypnuo  homomh  mnKiicii  muiitiiu 


ai  \ia.  CMoMoiiaTo.Ti.iio.  iia.Mit  Gumu  lio.iynoiia  <'»  MoiiycitaioT  uojmohchocti,  Ma.Ti.iiouuiitx  rpaiic- 


iMiiuiH  Mi*;ui<!>iiiiai|ilil  KpPMiie.iPua  c  o'loin.  uia - 
coiiuii  li.'ioTiiocn.io.  rijmiiumaioHcoit  11 .1  ti4“i 
IlMurUOCTI.  I. ll.ipil  l  II  llil  45  "ollJIOTIlOCTI.  KIKITIITU- 
l,i‘iiriT'iiiicipyiirypiioo  iicc-H<Aonuiiiic,  11  pu- 
itr.it'lllliic  o'lmu  imi  c  all a,l.  II.  Ii,  lio.'loiiUM, 

1  ll|ni|»i  mu.-  i.|!('miii'-hiicjiopo;iiiuo  corMiuit'iiHn 
vn.T'  PHiar  h|i.  uniui  I.  oKpyHiciinii  1  0  T  u  |i  e  x  OTO- 
H>a>  MH,i.i|n.  1.1,  piiiiw/iii.K.iiiiui  110  ucpiutiiiau  upa- 

mi.ii.iioiu  i.ip.iu|ii 
*»»n  alu  iin.iii 
BUB  Kaop.lmi.iun.  nl 


(u  Ti'iiumiiuiurna  KpncTUJiiioiii- 

lii'IHIO  llBJUUaL'TCN  TCTJIU 


<IiopMai(iiu.  iiuiipHHop,  u  cTpyiiTypu  c  luiopMll- 
IlilitlfOIIIIUH  HIICMOU  KUTIIOIIOU,  puUHUU  llOCk- 
Mll.  ilopOXOM  Taltoro  TIHIU  UiDKOT  oGLUCllUTb 
pi'aimo  itatiouoiiuo  cnoiicTB  11a  rpaiiuiio  ji.ipa, 
■i to  perucTpnpyuTcH  cooTutTCTuyioiHiiMii  11a- 
tieilOJIHnUII  U  CKOpoCTMX  COUCMII'IOCKIIX  HUM II. 

CTpyiiTypu  c  KoopMuiiauiioiiiiUH  hiicjiom  b  xu- 

paiiTopiiu  m-'iii  motum jiuu  11  HiiTi  pHoTaJUiii'io- 
r-UIIX  CIM'MUIH-IHIH,  ll  IIOCLHU  UOpUJITIIO,  WTO  UO- 

np'CTUO  3oujiii,  11  iioji  lluMoGiiyiu  icoopMHii a  1(1110, 
Gv.loT  o0.la;UTL  MeTUMJIIlWOCKItilll  CUOUCTHUUII. 
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1  o  c  «  h 

A  G  ■  O  U  * 


I  l  €  $  1 

lOf«H|ID 


S  r  k  c  1 

t  I  •  C  IlH 


f  O  M  O  ■  H  1  r 


Put.  4.  OCtuni  am  ApaaoacMoro  xpampa 


R  iiacroamce  open*  hojjl3h  pemitTb,  11a- 
CKOJtfaKO  cnpaaonaiiBU  nucKasanuuo  »aoci» 
n  pcano jinmenHfl .  Hcno  jtumb  oauo,  «rro  ciin- 
TC3  fiOBoli,  uxoriioft  MOAniJinKauHH  SiO,  a** 
CT  BOrtMOHCMOCTb  oCMCISHTb  CBOfiCTBa  UWKBC& 
lMirriin  603  npHBno^oHHa  rmioTcau  o  xfwn'ie- 

CKOM  1I3M0RQRHH  BCmeCTB#  3cMXH  C  IMiyCHUOK. 

H  MKXI0«I0I!U8  XOTCAOCb  6u  AOCaiHTb,  RTO 
rpynnn  auepaKancRax  HCcaeAoaarexci  (3. Mao, 
J](w.  H*.  Jlarrxep  *  H.  Miuib- 

ton).  oCiiapy*ajia  OTKpuryio  hbuh  pynuio- 
noAoCtiyn  MDAR$RKamiio  SiO,  ■  nopoflax 
Apn.ioncKoro  uereopiTBoro  upatepa  (prc.  4), 


TAB  oiia  ofipaaonaaacb  hoa  acmctbhpm  umpokiix 
AaajieunK  n  TOMticparyp,  bouiiikiuiix  iipn  ha 
ACiiHK  MCToopnTt.  Boanowno.  *rro  irpn  na«r- 
HHn  HOTCopHTOB  no3;i;iK3»T  fiojino  iiMcmnicAH' 
Moiiiu,  boh  noJiynaciiMo  non  a  n  Anfio[mTn- 
pnax.  lloaroiiy  iieofixoAituo  tihatp/ilmo  uay- 
xtn  noponu  Mcroopamux  KpaTopna;  tin»;t  r 
6 un,  CyAyT  oncparru  cmo  Gtvicc  miTcpoctiue 
MHiiepaxu,  Koropue  noMoryr  nan  n  noniiamm 
mubux  rjiy6nn. 

C.  M.  Cm  a  tit  o  it 

Moetote Httfl  torythtpcrnttimull  ytiHtrprumrm 
tut.  At.  ft.  JtOMlWOro  o 
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Appendix  B 

ABSTRACTS  USED  AS  DATA  BASE 


AAl,  Hselraa  Pwm  KtaMk  MfintlU  Cm*  Berthne 

frees  I  to  d  0*V,»  U.  N.  Kuaunf  (tntrodaeed  try  M.  U 
Perl),  F.  Msstin,  U.  L.  Peal,  Stanford  tfmk unity,  M. 
Lanza,  and  a  T.  Po**U-,  III,  Tht  UmimnAy  if  MitH/tu, — 
Unwwmti  «t  up  elastic  scattering  from  t  to  6  GeV  were 
made  using  (park  chambers.  A  wsil-rolUms  ted  neutron  beam 
produced  by  the  external  hesm  of  th*  bevatroa  interacted  in  a 
liquid-hydrogen  target.  The  recoil -proton  momentum  and 
angle  were  measured  with  a  bending  magnet  and  (park 
chamber*,  and  the  scattered-neutron  angle  waa  measured 
using  an  array  of  steel -plate  spark  chambers.  The  apparatus 
wa>  on  rail*  to  allow  coverage  of  cm.  angles  front  about  10* 
to  ISO*.  Preliminary  result*  covering  the  entire  angular  rang* 
are  presented  in  the  form  of  relative  cross  section*  vs 
4-momentum  transfer  for  each  incident-energy  interval. 
Correction*  for  detection  efficiency  and  background  con¬ 
tamination  have  been  made. 

*  Waik  Mpfterud  ts  part  fcy  toe  0.  A  Atomic  Energy  CsesstUsio*  sad  the 
U.  S,  oaks  of  Naval  tt March, 
t  Nstisaal  Sc  ic ncs  fwmrtttlne  Predodsmt  ItUtrm. 


AA2.  Large-Angle  M outran- Protea  Corrsiatioo  Puucttoa  at 
23  MeV.*  J.  J.  M*lanu>y,  P.  J.  8*ww,  T.  R.  Rotters,  axp 
J.  E.  Simuohs,  Lot  Alamot  Seittltifk  LttmUtry.— Measure¬ 
ments  are  presented  for  the  neutron-proton  carrels  tine 
function  Ctm  st  £*-23  MeV  and  A»  -ISO*,  in  addition  to 
further  data  at  *.»  - 190*  Polarised  neutrons  from  the 
T«»)*He  reaction  were  utilised,  together  with  a  polarised 
proton  target  (LMN)  in  which  the  polsriutioo  averaged 
approximately  30%.  The  recoibog  protons  were  detected  by  a 
counter  telescope.  The  value  of  Ctu  was  derived  from  an 
asymmetry  that  was  induced  by  cycling  the  direction  of  the 
proton  polarization.  The  results  to  date  lie  close  to  the  pre¬ 
dictions  of  the  Hamad* -Johnston  potential  model.'  The  effect 
of  these  data  on  the  recent  Livermore  phase-shift  analyus* 
is  discussed. 


«  Wsrk  qsrtw— I  ueAsrllu  «mok—  «t  tot  tt.  t.  A«m»k  En—sr  C  y  ■  in  lulls 
t  T.  Hum4*  u4  I.  t>.  Jotwum.  Ned.  ffkrs.  M.MJ  <t«ai>.  These  nrs- 
Sactimt  were  klsdlr  estevlsted  (sees hr  "rat.  P.mouotL 
•  It.  r.  Nem  O.  t  Matter.  I.  A.  Ante  sad  O.  MecCrsnw.  An. 
he*.  IIM.JW  (!•»*>. 


AAJ.  Search  tor  a  Narrow  tissnmrs  to  P-Hs*  llaetic  Scst- 
tartog.*  D.  Bovo  (introduosd  by  J.  V.  Kane),  Jtntgerr  Umt- 
unity,  F.  F.  Donovan,  J.  V.  Katin,  J.  F.  hfoumuvai,  Ml 
Tdtpiamt  IMtnUriti,  and  P.  Passes,  BrnkJuum  Nitinui 
Lthinttry. — Evidence  for  s  sharp  state  in  Li'  hat  been 
reported  by  Benison  st  af.1  in  the  decay  of  AHe*.  Dangle  H  el.1 
searched  for  this  rtasonanca  in  p-He*  scattering,  from  e  Q 
of  10.3-10.1  MeV  in  25-keV  steps  on  a  leas  than  U-keV-thick 
target.  We  have  repeated  the  experiment  of  Daagk  d  el., 
tiitcc  it  ha*  been  estimated  that,  if  tbs  resonance  is  a  T-2 
•late,  it  may  be  narrower  than  IS  heV  owing  to  isospin  con¬ 
version  and  4-partide  phase-space  ronsirterstinni »  We  also 
wished  to  extend  the  energy  rnuge.  the  statistical  accuracy, 
and  the  number  of  angles  of  the  Dangle  group.  No  dtvietion 
exceeding  0.3%  from  a  smooth  cross  section  was  found  over  the 
range  10.33  £  11. OS  using  10-heV  overlapping  steps,  and 


11.*  MeV  taring  iOO-heV  stops,  at  laboratory  eagles 
of  ISO*  and  120*. 


'WskmendhwtinrAi 

*  M.  J.  SsalUM,  I.TCrtiw 
Phn  latter*  U.  JM  (l**»>. 

•  R.  L.  Dsadt,;.  fahsc,  T.  i  lamer. 
•C.  *r-i*t*  sdvstt 


9cMmi 

Mto 

ML  An.  dm*.  Sac.  M.  4U  «**». 


AAA  Study  of  the  Mae*  4  System  by  the  Hi*«»,  H*(f,p), 
and  N>(r,p)  tanr.ttoss.*  G.  G.  Out***,  R.  W.  Nawaosut,  Jr., 
and  R.  H.  Stork*.  In  A  lama  SUtmUfie  Laboratory  — Proton 
spectra  from  the  deu  taros  bomberdnteat  of  H*  and  He*  haw* 
been  obtained  st  6  energies  between  10 and  I*  MeV-  Reaction 
protons  from  the  gas  target  were  iden  tiffed  with  a  setnkoo- 
due  tor  OH-K  telescope.  At  e  laboratory  angle  of  IS*,  the  peek 
cross  section  for  formation  of  the  — 20-MeV  state  of  Ha* 
decrease*  smoothly  from  about  30  to  about  6  nib/sr  -  MeV 
aa  the  energy  is  increased  from  10  to  to  MeV.  Ns  evidence  for 
a  simitar  Mate  appears  in  either  the  H*(ri,p)  or  the 
reactions  This  confirms  the  accepted  isospin  of  zero  for  this 
state.  Spectra  from  all  three  reaction*  show  a  brand  anomaly 
(width  2-3  MeV)  at  an  exciteron  energy  about  2  MeV 
above  the  f+s  or  l+p  mast. 

*  Wsrfc  purl  arm  at  sadar  Uw  uunfcss  at  tfes  U.  A  Atsatte  I  sway  Cam- 

nff'TTifTM 


AA5.  Study  ef  the  Mas*  4  System  by  the  H*(Ld)  and  He* (Ad) 
Reacttoas.*  R.  H.  Stock*.  Niumm  JasniS,  R.  W.  Ntwsown, 
J*-,  amd  G.  G.  Omsiw,  In  dies see  Sctiui/u  *.;f:r*4sry.-— 
Deuteron  spectra  from  the  bombard  meet  of  '»*  and  He*  .ith 
a  21. A  MeV  triton  beam  have  been  oblai—d  at  iaborototy 
scattering  angle*  in  the  range  10*-20*.  'a  contrast  to  this 
He*(d,p)  reaction,1  breakup  particle*  fra  n  the  excited  He* 
nuclei  cannot  contribute  to  the  observed  spectra.  The  virtual 
state  of  He*  at  —20- MeV  excitation  energy  is  dearly  observed 
in  the  He*<l,d)  reaction,  but  no  corresponding  Mate  i*  ob¬ 
served  in  the  HHi.d)  reaction  In  the  deuteron  spectra  from 
both  reactions,  a  broad  peak  occur*  at  about  1.7  MtV  above 
the  p+t  or  u+t  mas a.  la  general,  the  cross  section*  era  much 
lower  end  the  structure  more  pronounced  than  in  the  cor¬ 
responding  (d,p)  reaction*.  Tbs  deu  taros  spectra  are  disetneed 
in  terms  of  virtual  stole*  of  the  •  particle  and  possible  effects 
of  reaction  mechanism*. 


•  Week  pwtorned  esdar  tot  tsieksi  SiUtf  l  Alt— X  l—u  Cow 

"ck&  OMsm.  ».  W.  Nwrisui.  Jr.,  sa*  ■.  11.  Maks*.  Pap*  Ut  Uto 
sttettsa. 

AA*.  Xridenc*  fee  a  2*  T-0, 5-2  Stole  to  Be*.  Y.  C.  Tana, 
Lhuurtily  if  3/ tsiwMil*.— Measurements  from  U*(»*,2p)H** 
showed  that,  la  the  aununed  energy  spectra  of  the  protons, 
there  art  two  strong  peeks  corresponding  to  0  and  JO  MeV 
excitation  in  He*,  sod  *  week  peak  at  20  MeV  excitation.1 
These  features  can  be  under* uxri  by  considering  Li*  a* 
He*+d.  The  ground-Mau  peak  is  due  to  elisor  pc  tua  of  the 
pioe  by  the  deuteron  duster.  To  produce  the  levels  at  ulxiut 
20  MeV  ia  Ha*,  th*  pion  need*  to  interact  with  a  nucleon  front 
each  of  the  two  duster*,  since  these  levels  hav*  duster 
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atrurlttre*  of  a  auctoon  phti  *  A  duster.  TW*  prom  hat, 
however,  only  *  sm*H  probabifiry,  since  th t  rhurerx  in  wait 
aefwented  nod  pirm  to  absorbed  only  when  the  two  sachem 
•nr  in  etow*  pro*  unity.  Fw  the  pa*  *re#od  39  MtV,  It  it 
produced  by  the  pion  internet  inf  with  •  deuteroe  ctueter  is 
the  a  fluster.  The  to  veto  «t  thit  ti-trfy  have,  therefore,  4+4 
ckr»iet  structure  and  the  lowest  one  baa  5— 2,  £.  —  0.  tad  F-0. 
tiring  ainrilar  oontodentltosa  fee  t  free  meat 

with  peri  meet  cm  abo  be  obttriued- 


quadrupote  triplet  magnet  tad  wen  (topped  in  a  ri  Heart- 
barrier  detector.  Energy  reeehjtioo'wa*  130  h«V,  Triton*  foam 
the  {*&)  reaction  were  gated  out.  Abeofeite  cr.ee  section  wm 
obtained  by  OOms*#*is*  the  croa*  aectioa  vie  ptooio- 

pnum  iron  a  deuterium  <u  aril,  and  atoo  to  the  U*{t,p) 
cm*  tection*  via  ptootoproton*  identified  along  with  the 
phototriton*.  Two-body  breakup  w»*  sssumed.  The  (¥l«)  cro— 
teerion  found  in  both  way*  is  6.7  mb  at  31  MtV,  almost  as 
large  t<  the  phot-couctoon  croa*  tection  at  thit  energy. 


•G.  Cfuuwdt  u  to,,  Pkm.  Utun  la  *4 


AA7.  Optical  Paramwttrt  far  tb«  Klaatfc  Seaitariaj  of  Re*  by 
Ha*.*  N.  R.  Fictomr,  F.  Dtnntau  T.  Gxay,  ano  H.  T. 
Fotttnm,  florid*  Suit  Painriity. — OptkaLsstodel  param¬ 
eter*  have  been  determined  for  the  elxttic  scattering  of  He* 
by  He*  for  u*e  In  a  DWBA  direct  reaction  analyst  of  the 
reaction  U*(p,He*>a  obterved  by  Hey  den  bury  end  Hen.* 
The  yield  of  elastically  acattered  He*  measured  over  a  bom¬ 
barding  energy  range  of  12-19  MeV  thowt  no  pro  mi  runt 
reronaacea.  Angular  dittributiont  were  measured  from 
«...  »J0*-13O*  at  En.i-120,  13.5.  15.0,  165.  ISO,  and 
19.0  MtV.  At  15  MeV  and  above,  the  optical  potentiate  and 
rarfitta  parameters  found  vary  only  a  few  percent  from  the 
vs  toe*:  V  —  100  MeV,  W-10  MeV,  r,-r.— r<  — 1.6  P,  a, —a, 
••0.6  F.  A  » pin-orbit  interaction  of  about  20  MeV  i  to  pro  vet 
the  fit  at  back  angles;  however,  it  to  evident  that  mechantomt 
other  than  thit  are  needed  to  account  for  much  of  tbe  deviation 
of  the  data  fromtbe  ample  optical-model  calculation. 

•  Wa>k  an  rent'd  in  tart  by  the  U.  S.  Air  fweeOAce  to  VttaUfic  Research. 
>  N.  I*.  Ileyrlenbwi  and  f.-C.  Matt.  UHL  Are.  PhT,  Sac.  T.  M  (mi). 


A  AS.  Reaction*  He‘(He*,*)Lt***  and  LI *<p.p,)U***.*  W.  D. 
HaaaisOM,  California  InUitnU  of  Tuhnologj  — The  total 
crosa  tection  for  the  reaction  He‘(  He,.pi)Li***  hat  been 
measured  by  observing  the  yield  nf  deexatarion  y-rayi  from 
Li***.  Measurements  cover  the  exdtarioa  range  from  9.5 
♦o  12. t  MeV  in  the  compound  nucleus  Be*.  A  ttudy  of  the 
!-t*(f>.AtlU***  reaction  and  itt  potable  interpretation  were 
reported  previously1  Similar  features  are  observed  in  both 
reactions:  a  broad  maximum  at  about  10.7  MeV  excitation  and 
some  kind  of  narrower  anomaly  **  about  11.1  MeV.  These 
features  have  been  fitted  with  2 -level  formulas.  Combining  tbe 
information  to  obtained  srith  that  from  the  LlHp.^iLi*  and 
l.i*fP,pi)U**  reaction*,  the  following  assignment*  are  made: 
/•—|",  r-|  for  the  broader  level  and  1~,  7"» )  for  the 
narrower.  The  F-|  astognment  ia  based  on  the  fact  that  tbe 
na rrosrer  level  ia  not  observed  in  the  Li'ip.piLi*  and  Li 
Li**  reaction*,  where  both  it*  formation  and  decay  are  for¬ 
bidden.  In  the  other  reaction*,  where  only  it*  formation  it 
forbidden.  It  appears  through  its  interference  with  the  T-J 
level.  The  T-|  level  to  probably  the  mine  at  that  recently 
observed  at  Berkeley  * 


•  Work  «•  sported  by  Uk  U.  S.  Odke  to  Navsl  Remarck, 
i  W.  D.  Harrison.  Ball.  Am.  PVv  Sec.  *.  T9J  (IS*4|. 

I  C.  Mira*.  J.  error,  lad  It.  if.  PeW,  Phrs.  Rev.  Letters  14,  »04  U**J,. 


AA9.  Phototriioo  Cross  Sec  boo  to  LH.'  N.  K.  Shcsman. 
McGill  Uaiaersity,  Joh H  E.  E  Baonn,  AMD  R.  0.  OxriHl, 
Fait  I/atsrritfy.  -The  crco*  tection  for  the  reaction  Li*(y,<) 
recently  observed1  hat  been  measured  for  photon  energies 
between  It  and  30  MeV.  Brem«atr»hlung  of  end-point  energy 
40  MeV  produced  by  the  Yale  electron  linac  was  used  to 
irradiate  Li*  evaporated  onto  Form var  films.  The  target 
thickneatet  were  about  270  eg  /cm*.  Tritons  were  identified  by  a 


•  Work  supported  by  tb*  rj  S.  Atomic  Energy  - 

*  ?i.  K.  Shetftaa,  R.  C.  Monism,  sod  1.  R.  Stewsjl.  HyH.  Am.  rbvs.  See. 

id,  5«i  troe;;. 

•»,  L  Sermao.  R.  L.  Rmmblctt.  J.  T.  Caldwell.  R.  R.  Harvey.  .)  al . 
UCRL-IIJT*  (ItOS). 


AAtO.  Charge  Symmetry  *o  the  Mirror  Reactions  I.P(u'./'.-,)I,r' 
and  LF{d,*i)Be**.*  S.  M.  Aurrin.t  P.  TAtn..  A.  Ciichnc. 
S.  S.  Haitna,  akd  W.  E.  Mrvr.amw.  Slanfnrd  Umiirrtily — It 
hat’ been  pointed  out*  that  4  comparison  of  mirror  rear  linns 
can  provide  a  test  of  choree  symmetry  in  nuclear  reaction*. 
For  Li*fd,pi)Li’*  and  Li'td.eilBe’*.  this  comparison  »-.•>* 
made1  by  observing  the  isotropic  y-rays  from  Li**  ami  Be”. 
This  experiment  has  been  repented  and  extended  with  in- 
created  precision  by  use  of  a  Gc(Li)  dclcrtnr  of  *rn«itive 
volume  3X2V1  cm*  from  £a“0.I5  to  7.2  MeV  with  the 
Stanford  3-MV  Van  de  Graaff  and  a  newly  installed  FM 
tandem.  Although  the  eneigy  ranee  cover*  at  least  two  known 
resonance*  in  Be*,  no  definite  evidence  of  resonant  structure 
was  observed.  Above  £<*»0.5  MeV,  the  ncutrnn-toproinn 
ratio  lies  between  1.14  and  1.20,  with  tome  evidence  foe  mild 
variation*.  In  the  region  of  overlap,  below  Ea  —  .l  MeV. 
there  is  qualitative  agreement  with  the  earlier  obvrv.  iirm*1 
Above  E,  - 1  MeV,  where  the  cross  sections  show  pronounced 
stripping  patterns.*  the  neutrun-to- proton  ratio  is  in  good 
agreement  with  stripping  catoulafiont.  Below  £j-0.7  MeV, 
an'obterved  decrease  in  the  ratio  is  suggestive  of  the  Oppen- 
hetoner- Phillip*  process. 


*  Wortt  Mprorted  l*  p*rt  by  Iht  Nktlotuil  Sckflff  ion  Ritd  tbe 

U.  Army  HowircH  OflW-e. 

I  D,  H.  WBfchwm.  PhU-  Mt«.  a,  W  (lfS7>. 


AAlt.  Comparison  of  ths  Raactiao*  LP'p.aOBo**  and 
Wip.plUr.’  S  S.  Hanna,  P.  Paw.,  S.  M.  Austin.*  and 
\V.  E.  MeteSH  >f,  Stanford  Unu/trsity  —A  comparisnn  of 
total  cross  sections  in* the  reactions  Li’(p,iit)Be'*  and  Li* 
(p.p  )U**  has  been  made  by  measuring  the  isotropic  vrays 
emitted  from  Be**  and  Li”  with  a  Ge  (Li)  detector1  of  sensitive 
volume  2XJX1  cm*.  Tbe  range  3  MeV<£,  CIGMeV  was 
covered  with  the  newly  installed  Stanford  FN  tandem,  in 
sharp  contrast  to  the  ratio  determined  in  the  l.i*  -t-to  reactions,* 
tbe  ratio  of  cross  sections  in  the  Li’+p  reactions  deviates 
markedly  from  unity  and  varies  strongly  with  energy  The 
neutron-to-proton  ratio  rises  to  a  value  of  0  54  at  £,  —  .13 
MeV,  falls  smoothly  to  0,21  at  5  5  MeV,  rites  again  to  0.33 
at  8.6  MeV,  and  then  declines.  The  over-all  dominance  of  the 
(p.p')  reaction  suggests  the  pretence  of  t  direct  process  in  this 
reaction.  It  to  noted  that  the  maximum  in  the  rxtio  at  3.3 
MeV  occurs  at  an  energy  where  the  neutron  yield  attaint  i 
maximum,  while  the  minimum  at  5,5  MeV  can  be  attributed 
to  a  strong  reaonance  in  the  proton  yield  not  observed  in  the 
neutron  yield.  These  observations  are  discussed  in  terms  of 
isotopic  spin  and  known  levels  of  Be*. 

9  Work  aapportrd  In  part  by  tbt  Nation*!  Sekncf  Fovndatiofi  and  iht  U.  5. 
Army  lte*eRrck  OflW*. 

t  Alfrrd  P.  Skar  Frtlow.  Put  lit  sddrvw:  Mithlftfi  State  Unlv, 

1  Provided  by  Lawrence  Radiattofl  Laboratorv.  Livermore. 

*  S.  M.  Austin.  P.  Pul,  A*  Cheurf,  S.  S.  Hinaa.  ft  *1.  Paper  AA10.  this 
meeting. 
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s  G  ■  O  ^  •  Olvis  ON  O:  ,0(1,110  A  I  r  I  »  »  T  COUOli'iO, 


AAIJ.  (H#*,H*4’)  tad  (Ho4,*)  XMtHMH  ao  If  tad  LP.* 
Vtn  Bunwsn.  **»  Morro*  K.  item,  thirty  $  mineis. 
—Targets  of  Li*  and  li*  were  bombarded  fey  He*  panicles 
lnj«  the  UniveraSty  of  Witch  cyclotron,  *t  ieckkiit  bout* 
enrrgm  o#  Jt,  2*,  tad  27  M*V.  From  the  U*  target,  n  eb- 
»*twsd  angular  distributions  of  the  scattered  He1  partirie* 
cw»t»poi»di«(  to  tit.  pwod  .nd  2.18-MeV  ststev  From  rjw 
“  **  obtained  engxtltr  dtstributiett*  of  the  icitftrtd 

IW  particles  corresponding  to  tie  grmrad,  0.0-,  <63- 

M*V  states,  end  of  a  particles  leaving  tie  retodoai  Li*  nucleus 
mi  tfee  ground  21*-  «nd  3  56-MrV  •talc*.  Spectre  were  re- 
corded  in  tie  angular  rang,  from  30*  to  140*  in  tie  c.m. 
*y*tem.  Detection  mi  by  .  surfsee-berrier  silicon  detector. 
Target.  were  of  enriched  lithium  hydride,  evaporated  onto 
thin  nickel  backing*. 

*  Wort  mpporud  la  part  by  tto  V.  *.  CMk*  X  Nani  gtautt 

Adl  J.  Ckargad-Partk!*  R  sac  dost*  from  W+p  at  30  MsV.* 

H.  H.  Fomte.,  D.  W.  D«vih*,  Am  C.  C.  Kill,  Unhriit,  of 
Amdirro  Caftforwo.— Self-supporting  foiU  of  LP  (purity 
W;6%)  wen  bombard*!  anti  30  3-M.V  proton,  from  tie 
coC  linear  accelerator.  Angular  distributions  were  obtained 
for  the  U'(P4)W,  U'ipALi',  and  LP(p,pd)He*  reaction*  at 
laboratory  angles  from  ~10*-IW.  Particle  identification  >u 
achieved  by  gating  a  2-dimenaional  analyser  with  coincidence* 
between  tie  eigne i*  from  a  (i£/dx)—E  counter  ayattm  con- 
mating  of  a  1W-*  fully  depleted  silicon  and  a  fxi-ia.  Nai(Tl) 
detector.  Tie  resolving  time  of  tie  fist-coincidence  circuit 
uaed  for  the  angular -corrals  tion  experiment  wee  ~6  awe. 
In  the  LiHWiLi*  reaction,  deutoroes  leaving  U*  is  the  ground 
tut*  or  first  taro  exdtad  eater  could  be  resolved  and  angular 
distribution  were  obtained  far  each  dnteroa  group.  In  lie 
fp.pd)  enguier correlation  experiment,  two  detteton  were 
placed  at  equal  angle*  with  tie  incident  beam;  particle 
identification  waa  uaed  in  one  arm  only.  The  remiltant  angular 
identification  ir  diecueaed  end  compared  with  that  obtained 
lor  tie  U*(P,pd)He'  reaction. 

•  Wert  eapewted  t*  part  kr  the  U.  a  Atowic  Eorrar  C - —■- 

AA1*.  Elec  trie  Quadruple  Momente  of  U’  end  Cl**  Nuclei 
Paul  E,  Cana,  Tk*  Uamrsity  «/  Chicago. — The  electric-field 
gradient  j  at  the  Li  or  Cl  nucteur  has  been  calculated  for 
Lin,  Lit.  LiF ,  LiCI.  and  >  ICt,  and  certain  other  UX  diatomic 
molecule,  using  Hartree-Foek-Roothaan  SCF  wtvefunedons 
obumed  by  Cade,  Weld.  Huo.  and  Sale*.  Them  wave- 
functions,  except  foe  that  of  UC1,  are  believiKl  to  be  very 
cloae  approaimationa  to  tie  trot  Hartree-Fock  wav«feactiooa. 
Ueing  the  experimental  value*  of  tgQ  far  a  tier  Li’  or  CP4  in 
tie  slsctrie-quadrupole  momenta  ^  of  Li’ 
and  Cl*  are  calculated  end  tie  interred  consistency  of  tbeee 
reeulta  i*  considered.  The  variation  of  g,  and  hence  eeO,  with 
vibrational  etate  ie  aieo  dkcuered  on  the  beet,  of  i  ruklwl 
reeulta. 


correlation  date  were  accumulated  between  irradiation*.  The 
detector*  eoitsisttd  of  Niton  plan  tic  scintillators  on  XF-1020 
phsrtemulfspiier*.  The  timeterttr  tra*  calibrated  to  ~1% 
accuracy  ueing  an  sir -cored  net  teat  delay  line.*  The  mean  lift 
obtained  for  tit  1.9-MeV  level  in  Ct*“  i*  r~0.37±0.M  nsec. 
The  E2  v-tranaitioa  rate  for  tht  306-keV  0+  —  2+EJ  tranei- 
tion  deduced  from  tbit  Metis*  and  tie  EC,  £2  branching  ratio 
of  HUauke  *f  a*,*  U  6  Wnnkoff  unite. 

ftftor.  *.  E.  ■*  rod  ■.  Mad.  tau. 

'ttoit*****4*-  Y'  *"***-  fc  htok.  and  T.  Menu,  Natl,  Wyw  U.  I  JO 

AS2.  Decay  of  8*'“.*  Joan  C  Hill.  Purdue  UniMiniy  — 
Eu'*4  eourcr*  were  obtained  from  the  Sn»'«(d,>»)Eu,«  traction 
and  purified  chemically.  The  half-life  of  Eu*«  wat  determined 
to  be  3  91  ±0  1  day*.  The  y  epectrum  wee  itudied,  ueing 
Ge-Li  detector*  ei  well  ae  Nal(Tl)  detector*.  The  convereion 
electron  and  positron  epectra  were  investigated,  usmg  a  180* 
magnetic  apeetrometor.  y~y  coincidence*  were  observed  ueing 
botb  N«I  tod  G*-U  detector*.  A  tot*]  of  23  y  tine*  were  ob* 
»ved ;  li  of  tbeee  have  not  been  reported  before-  With  tie 
help  of  coiaddencs  and  inteneity  measurement*,  the  trandtion* 
were  incorporated  into  a  conet* ttm  decay  *cbenw-  Two  iow- 
mtenatty  positron  groups,  leading  to  tie  ground  and  first 
excited  autre,  respectively,  were  observed.  Tie  level*  of  Sor'44, 
popuktod  through  tie  decay  of  Eu«*,  are  compared  to  level* 

raftsEtseifAss t^Ksrariw 

ACl.  Couducttoo-Elaetroe  Spin  Rateeaacs.  Maxtin  Lax  re* 
(introduced  by  P.  M.  Platrnun)  awn  P.  M.  Platzuam.  BeU 
TUtpktmt  Laboratories.  We  have  calculated  (using  *  simple 
theory)  the  paramagnetic  resonance  absorption  by  conduction 
electron*  in  a  thin  metallic  sample,  extending  the  earlier  work 
of  Dyson.1  Our  results  are  valid  for  a  meu!  ample  of  arbitrary 
uucknCT*^  with  a  static  magnetic  field  Hi  at  arbitrary  ingle 
with  respect  to  the  sample  surface,  and  under  either  classical 
or  anomalous  skin-effect  condition*.  The  electromagnetic 
field  is  assumed  to  he  incident  normally,  but  not  necessarily 
symmetrically,  on  both  sides  of  the  sample*.  Under  anomalous 
skin-effect  conditions,  as  the  field  Hi  is  rotated  from  parallel 
to  normal,  the  shape  or  the  spin  resonance  line  is  modified. 
For  asymmetric  boundary  conditions  on  the  EM  field,  the 
line  decreases  in  intensity  (to  rero  under  certain  conditions) 
and  broadens  drastically.  For  a  symmetric  or  l-kdad  EM 
nekith*  fine  shows  t  slight  decrease  in  intensity  and  a  slight 
narrowing.  We  see  no  evidence  for  any  structure  of  the  land 
Found  by  Walsh4  in  his  electron-spin-resonance  experiments  oo 
potassium.  Numerical  results  are  presented. 


1  w.  H.  W*WL  Jr.,  rare.  In.  (t*  to  »*l 


i.C*IK. 


ABl.  Mean  Ufa  of  the  l.VMtV  o+  Leva!  la  C*<«.  Roaxsr 

L.  Gxaaui  and  Jamu  S  Gucsi,  CML- Atomic  Em*, v  V  ACi.  pyf»  Dsysadrexs  «f  Kaigkt  Shift  to  Pt  T.  Kvmnna 
Caaada  limit*  -The  mean  life  of  the  1.9- Me V  0+  state  in  M  Scitnhfe  Loiontory— The  Knight 

c*  “•  been  obtained  by  meaauring  the  time  correlation  8“”  *  ™  Ptl"  *•  pktiatnB  metal  waa  measured  under  hydro- 
betereen  i-nyi  from  X -capture  and  JC-1900  convereion  elec-  **ek  pnmtr*  up  to  about  1000  kg/ea4  at  thro*  temperatures, 
irons.  The  conversion  electron*  were  selected  ueing  a  7-g.p  M  0*,and  -  78.0*C.  |JC|  decreases  with  increasmg  preroure. 
orange  fl-ray  spectrometer  located  on  e  beam  fine  of  the  iKIi P  i*  markedly  temperature-dependent  and  changes  as  P 
Chalk  River  tandem  accelerator.  The  1.9-MeV  Ce‘«  level  with  temperature.  The  temperature  dependence  of  A  at  con- 
was  populated  by  the  decay  of  3  i-min  Pr**,  which  waa  slant  volume,  which  hat  been  derived  from  the  previously  ol>- 
produced  by  periodkally  bomherdinf  t  5 -mg /cm’  metallic  teined  K(T)  at  ronnant  pressure  And  the  present  preMurc* 
Ce  target  with  9-MeV  protons  (or  30-eec  intervals.  The  time-  dependence  data,  obeys  a  quadratic  law,  A-A«+fl7’ 
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-K-)[(Ty7i)43»  Tt  is  the  degeneracy  temperature  of  the 

d-l>atid  holes.  The  observed  volume  dependence  uf  A'*  mid  li  is 
analyzed  using  a  it*  ndard  band  model.  The  volume  dependence 
of  the  hai5d  parameter*  thus  obtained  5*  as  follows ;  0)  d  log 7 a/ 
log  V  «»“-3.5=fc0.9^dlogr,/dtogV;  (*i)  d  logr«»/d  log  l'-  -09 
det.9f  where  T«*  t n  an  exchange  parameter;  and  (iii)  d  lo gn/ 
d  log  y«»4J=bl.3,  where  m  is  the  number  ol  the  d  hole*  per 
aiom. 


AC3.  Spio-Orbit  Coupling,  Magnetic-  and  Electric- Field 
In  t  era  t  km*  of  Iron  (W‘)  in  Complex**  of  Tetragonal  Sym¬ 
metry*  Gilda  M.  Harris*  Stanford  Uniwnily.—  Ferric  ion 
(3d*)  haft  a  *S  ground  state.  To  1st  order,  this  multiple!  docs 
not  interact  under  spin-orbit  coupling  nor  is  it  split  by  any 
crystal  field.  Yet.  there  is  experimental  evidence  from  electron 
spin  and  Mbsf-bauer  spectra  that  there  is  a  zero*  field  splitting 
of  the  ground  state  and  a  net  elect ric-fwld  gradient  at  the  iron 
nucleus  in  complexes  of  lower-tban-octahedral  symmetry . 
in  order  to  possibly  explain  these  observations,  a  calculation 
of  the  energy  eigenfunctions  and  eigenvalues  of  ferric  ion  was 
made  in  a  strong  octahedral  held  with  tetragonal  distortions 
and  rpin-orbit  coupling  among  the  33  lowest-energy  states. 
Two  different  zero-order  basis  sets  were  used.  Ground>staie 
splittings,  |nw*«pin  conditions,  elec  trie  he  Id  gradients,  mag¬ 
netic  susceptibilities,  and  field  energies  were  obtained.  A 
systematic  study  was  made  of  the  effect  on  all  the  above 
properties  of  which  and  how  many  excited  states  were  in¬ 
cluded  in  the  calculation,  starting  with  just  one  of  the  de- 
gcne,4tc  partners  ol  the  lowest-lying  quartet  state  i4T\), 
adding  it*  partners,  then  the  lowest-lying  doublet  state,  and, 
finally,  the  rest  of  the  electronic  states.  This  effect  was  marked 
and  exojcded  the  difference  between  the  2nd  order  and  exact 
calculation  made  in  erch  of  these  approximations. 

At>J.  Theory  of  Lattice  Vibration*  In  Wurtxlte  and  Zinc- 
blende.**  M  ichf.l  A.  NiraiMOVtcit  (introduced  by  J.  L. 
Birman)  and  Joar.ru  L-  Birman,  Nrui  York  University. — 
Previously,1  the  frequencies  and  normal  modes  for  CdS  in 
Cir*  stiucture  were  circulated  by  solving  the  dynamical 
matrix  for  propagation  along  three  directions  of  the  wurtaite 
Brillcmin  zone.  A  more  det Ailed  study  of  this  problem  wns 
made  using  five  model*  of  varying  degrees  of  elaboration: 
(1)  central  forces  between  1st  neighbors;  (2)  central  forces 
between  1st  and  2n<l  neighbors;  (3)  central  forces  between 
1st,  2nd.  and  3rd  neighbors;  (l)  central  and  noncentral.forces 
between  1st,  2nd,  and  3rd  neightiors;  (1)  -cntral  and  noiv 
ctntrftl  forces  Iwtween  1st,  2nd,  3rd  neighbor:!.  and  long- 
range  Coulomb  forces.  Using  appropriate  coordinate  trans¬ 
formations*  frequencies  and  normal  modes  of  zi  nr  blende  of 
TV  structure  were  calculated.  Hi^persion  curves  have  l  wen 
calculated  for  r  (hypothetical)  cubic  CdS  Some  comparison 
of  the  present  model  md  the  shell  model  is  given. 

*  Work  p.’HH.IIy  sopportrrl  by  the  U.  S.  Army  RwsrrH  Offirr  (Hurham) 
■mi  the  A*ro*n*cc  Re««r«.h  L-aborttor'ta.  Offer  of  Arrow*?*  Rc*«arch. 
W.Jiht- Pattrrunn  APT. 

£P«*rm*<irnt  »fidrr«»:  l,sb.  dr  Physique  de  1'Ecole  Normair  5m*4rjrurr. 

i  M  NuBimovIcJ  und  J.  L.  Rirmsn.  But!.  Am.  Phy..  $oc  1C.  SI*  (19*3). 
»J.  L.  Birman.  Phya  R*v.  I1J.  1003  (1950). 

AD4.  Electronic  Transport  in  Graded  Heterojunction*.*  L.  J. 

Van  ftwYvrN  ash  F.  E.  Wiu.ums,  University  of  PeUiwcrc. — 
We  consider  a  single  crystal  of  a  semiconductor  whose  com* 
position  gradually  chances  from  that  of  a  small -ha ndgnp 
material  at  one  end  to  that  of  a  l.irge-b.intlgap  material  At  the 
other  Although  the  quantum-mechanical  problem  of  a  r  ha  rued 


particle  in  a  varying  periodic  potential  has  not  lieen  w>*vc«l 
rigorously,  this  graded  heterojtmciion  has,  in  an  approximate 
sense,  a  graded  Uindgap.  In  order  to  separate  the  effect  of  the 
electric  field  due  to  spare  charges  from  the  effect  of  the  g  rat  led 
bandgap  on  electronic  charge  transport,  we  consider  a  graded 
heterojunction  that  is  doped  inhotnogcncoudy  «o  that  there 
is  no  space  charge.  The  motion  of  electrons  at  the  conduction- 
band  edge  and  the  motion  of  holes  at  the  valence-band  edge 
arc  analyzed,  and  in  addition  to  the  normal  diffusion  term  an 
additional  term  is  obtained  that  is  linear  in  the  gradient  of  the 
band  edge  for  each  type  of  carrier.  Steady-state  photnrxritn* 
lion  m  one  region  lends  under  certain  ctuuHstnit*.  to  both 
types  cf  carriers  moving  in  the  same  direction,  t.e.,  to  the 
region  of  smaller  bandpap  In  addition,  the  motion  of  exciton* 
in  graded  hetcroj unction 8  is  considered. 

•  Work  wiipoftrd  by  U.  S.  Army  Engineer  R<**carch  s%ti«S  DevHrvmml 
Labors  terks. 

A.D5.  Mlnority-Cirrier  Mobility  in  p- Typo  Germanium  under 
High  I’nitiiai  Street  «t  Room  Temper.ture.*  M.  W.  Curs*. 
WKI-uf  AND  J.  p.  McKt'.I.vrv,  Pennsylvania  Stale  University  — 
The  minority-carrier  mol)ility  in  a  single  crystal  ni  germanium 
containing  3X10'*  imlitim  atoms  per  cc  has  been  me.cuml 
as  a  (unction  of  uniaxial  compression  in  a  lattice  (111)  tliirr- 
tion  at  room  temperature  by  observing  the  tlrif  of  an  esc-ss 
carrier  concentration  under  the  influence  of  an  ilied  elecric 
field.  The  maximum  fractional  chance  in  length  ><f  the  crystal, 
cut  in  the  shape  of  a  rod,  was  0.09%.  eorre  winding  to  a 
compressive  pressure  of  approximately  t.5Xl  I1*  <iyn  cm”', 
sufficiently  high  to  transfer  substantially  nil  co.iiluction  elec¬ 
trons  to  a  single  valley.  A  comparison  of  the  experimental 
data  with  theoretical  estimates  of  mobility  variation  due  to 
strain-induced  population  transfer  in  the  conduction  hand 
yielded  a  value  for  the  scattering  anisotropy  of  ±0  3, 

This  value  is  considerably  higher  than  that  '.burned  from 
studies  of  magnetoresistance  ol  u-type  gern  titim,  the  dif¬ 
ference  being  attributed  to  electron-hole  real,  ring 

.  Work  srnportpd  by  ! hr  l !.  S  Offirr  of  ?<  if  nt if '  Hr-  h. 

t  Frppenl  sadress:  West in.Hou,.  K r .  L*D».  Plttsburt 

AD6.  Strain-Induced  Freeie-Out  Effect  in  n  aSe.  A.  .Sagas, 
W.  I.rttMANN,  and  M.  Poluak,  Wtui .  house  Research 
Lokcralaeiei  —  The  effect  of  hydrostatic  pre  ire  on  resistance 
a>id  Hall  coefficient  of  "undojted”  e-ZnSe  (  rf.  1)  was  meas¬ 
ured  at  195*  and  J00°K.  The  effect  of  umaxi  stress  on  resist¬ 
ance  was  also  measured  betw*-n  77*  and  30  'K.  Temperature 
dependence  of  Hail  coefficient  ami  resiitan  e  of  the  samples 
(between  77*  and  300*K)  wa»  aimilar  b  the  "untlopctl" 
sample*  in  Ref.  I  The  resistance.  Hail  coefficient,  snd  their 
derivatives  w.r.t.  pressure  incrtaied  with  in  teasing  pressure 
so  that  Rn/p -const.  At  195‘K,  Rn  and  p  ii  creased  by  80% 
from  one  to  !0<  atm  lor  a  sample  with  ffn(  77“K) -»5  X  10* 
cm*  C”1.  I  hc  piecoresistancc  value  due  to  uniaxial  stress  was 
J  of  the  piexorrsis tancc  value  owing  to  hydrostatic  pressure 
at  low  pressures  This  indicates  that  the  effect  is  a  purely 
hydrostatic  one  and  suggests  that  the  mechanism  respo.isildc 
is  a  prexsurc-ir..uiced  variation  ol  the  ioriiation  energy. 
Similar  observation  has  been  made  in  n-Gi.As  by  Sl.idek  • 
Our  data  give  the  unusual  result  that  the  value  of  the  ioniza¬ 
tion  energy  (fiiw0.008  eV  at  normal  pressure')  is  increased 
by  n  fnrurr  of  two  at  10*  stm. 

'  M.  Avrn  snd  R.  V,*l.  Phy.  ftrv  tyo.  Si  (106.1). 

1  R.  f  Slailek.  Phy..  Rev.  (to  be  published). 
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ADT.  Avalancha  Breakdown  In  p-Tppo  GaAa.  Kl  kt  Weukk, 
Robf.kt  E.  1-fun,  and  Joskph  !■'.  Woods,  IB M  Walton 
Research  Center. We  have  continued  the  study  of  avaUnehing 
and  light  emission  of  ti  n  high-resistivity  layers'  in  p-lype 
GaA*  structures  prod'  by  diffusing  Zn  into  Mn-doped 
material.  Such  layers,  v  -  a  resistivity  of  typically  5000  Q  cm, 
are  formed  at  the  boo-  try  of  the  r-nr-dominated  surface 
layer.  Capacittnte  measurements,  as  well  as  examination  of 
transmitted  light  by  phase-contrast  microacopy,*  indicate 
that  the  width  of  these  layers  is  ot  tK  order  of  1  a-  A  drastic 
increase  in  current  is  observed  at  a  field  of  approximately 
2X10*  V/cnt.  Light  emission  is  then  proportional  to  (t  ~ re), 
where  i  is  the  experimental  current  and  «#  is  the  Ohmic  com¬ 
ponent  as  extrapolated  from  low  field  values.  The  electrons 
generated  by  the  avalanching  process  are  swept  out  of  the 
layer  and  recombine  in  the  iincrich  region  or  the  manganese 
region  to  either  side  of  it,  depending  on  the  current  direction. 
The  spectral  distribution  of  the  emitted  light  differs  accord¬ 
ingly  for  the  two  cases.  The  quantum  efficiency  of  the  light 
emission  is  comparable  to  that  of  ordinary  GaAs  diode 
though  the  power  efficiency  is  much  lower  because  of  the  higL 
voltage  (typically  16  V)  needed  to  produce  the  light. 

t  K.  Writer  end  J.  F.  Weeds,  Anul.  Phyx.  Letters  t.  ttf-  ;!Ofl5). 

*  M.  Drousard.  Drtvsle  com  men  test  ton. 

ADS.  EPR  and  Electrical  Properties  at  the  Dominant  Defect 
In  Election-Irradiated  p-Type  Silicon.*  Nissm  Aucgtsti  and 
Bbsnasd  Golostrin,  RCA  Laboratories. — When  p-type 
silicon  is  bombarded  with  electrons,  the  dominant  delect 
formed  is  the  K  center.1  We  have  studied  the  paramagnetic 
properties  and  growth  of  this  center  as  functions  of  electron 
flux  and  bombardment  energy-  under  conditions  of  different 
resistivities,  impurity  dopants,  Fermi  level,  and  illumination. 
Introduction  rates,  g  values,  and  symmetry  properties  are 
presented  and  discussed.  The  K  center  is  independent  of  the 
p-type  dopant.  It  is  not  a  primary  defect,  but  requires  oxygen. 
At  high  integrated  electron  fluxes,  the  EPR-measured  K -center 
concentration  decreases;  however,  illumination  and  annealing 
experiments  have  established  that  the  defects  are  still  present 
but  have  a  different  charge  state  because  they  have  trapped 
an  electron.  We  have  associated  the  K  center  with  a  previ¬ 
ously  reported  O.J-eV  defect  level*  based  on  the  facta  that 
both  require  oxygen,  both  have  about  the  same  introduction 
rates  and  bomhardment  energy  dependence,  and  that  the 
value  ot  the  Fermi  level  at  which  the  AT-center  EPR  absorption 
decreases  ahxrply  is  about  0.5  eV. 

*  Work  ypon sored  by  N  A5A~GoU(1ird  Space  Flight  Center. 

•  V.  KhAhsm  rl  at..  Inters.  Conf.  Phyx.  Seinlronductors,  Pxels,  ISH. 

•  UlMc*  Technol.  Lab.  Sept.  MR-JI,  centred  NAS  J-1SS1. 

AJ OT.  Fhotoc  endue  ties  Preparti  ss  of  Hlgh-Eealsbrity  Gallium 
Phosphide.  Besnaud  GotonniN  a  ho  S.  S.  Pbrlhan,  RCA 
Laboratories. — Static  and  dynamic  photoconductive  properties 
of  single-crystal  'uigh-resistivity  (compensated)  GaP  have  been 
studied  in  the  intrinsic  and  mar-infrared  spectral  region  at 
500*,  7T*.  and  27*K.  Ruum-ien.^wrature  resistivities  in  excess 
of  UP*  C-cm  have  been  produce  I  by  coppar  diffusions  late 
either  a-  or  p-type  GaP.  PSotncomlnrlmlv  nf  the  high- 
reaiitivity  material  is  strongly  influenced  by  traps  In  ntype 
material,  nt  -100*K,  infrared  radiation  atiinul.ur*  the  tlarlt 
conductivity  and  quenches  the  intrinsic  phoiiK nndiir livify 
at  the  same  photon  energies;  thermal-pmlrc  mc.iMirriucui* 
indicate  that  the  stimulation  is  due  to  increased  hole  current 
At  27*K,  only  stimulation  is  olrservcd  regardless  of  the  level 
of  intrinsic  photoconductivity,  but  decay  characteristics  show 
that  this  latter  response  is  due  to  increased  electron  current 


At  the  intermediate  temperature  of  77*K,  stimulation  (electron 
and  hole)  and  quenching  ar»  present  awl  tltc  over-all  lic¬ 
ks  vior  is  more  complex.  In  p-type  material,  infrared  radiation 
produces  only  stimulation.  An  energy-level  diagram  is  per- 
sented,  which  can  explain  these  observations;  principal 
features  include  electron  traps  about  0.6  eV  Ire-tow  tire  con¬ 
duction  band,  recombination  levels  near  the  renter  of  the 
bandgap,  and  “senutirnig"  hole  traps  almtil  0.7-0  8  eV  al««\c 
the  valence  hand. 

AD10.  Photovoltaic  and  Photoeapacltive  Properties  of  Surface- 
Barrier  Junctions  of  High-Reaiativity  Gallium  Phosphide.  S.  S. 

Pr.si.Xir  (introduced  by  Remani  tmtdstein)  A  no  RnaNAso 
Goldstein,  RCA  Laboratories. — Measurements  of  photo¬ 
voltaic  currents  and  photocapacitancc  nf  suirfacc-lurricr 
junctions  in  high  resistivity  a-  and  fi- type  Gal’  ate  prexemed 
and  ■  ‘"vwa  to  be  of  unique  value  in  the  study  of  photocks'irnnie 
>.  cs.  ’n  particular,  they  provide  means  lor  the  dirert 
..ma  ion  of  the  polarity  of  charge  carriers  released  by  nn 
-i-fr.  -i  transition.  This  follows  from  an  extension  of  1 1st 
x  .--pied  model  of  intrinsic  and  extrinsic  photovoltaic  and 
pnoiocapacitive  response,  which  considers  effects  such  as 
infrared  quenching  and  infrared  stimulation  of  intrinsic 
response.  In  x-type  material,  measurements  indicate  that 
intrinsic  photocapacitnete  is  quenrhed  by  infrared  radiation. 
At  the  same  time,  extrinsic  photovoltaic  response  is  stimulated 
by  intrinsic  radiation.  In  p-type  material,  intrinsic  photo¬ 
voltaic  response  is  quenched  by  infraned  radiation.  Alt  the 
spectral  dependence  curves  of  these  effects  are  compared  for 
optical-threshold  energy  with  similar  curves  of  photoconduc¬ 
tivity  quenching1  and  are  found,  as  predicted  by  the  model, 
to  represent  'he  same  basic  electronic  transition.  The  un¬ 
ambiguous  determination  of  photovoltaic  current  and  plioto- 
caparitance  supplies  is  independent  verification  that  this 
transition  does,  indeed,  create  positive  charge  carriers  (holes) 
and  involves  trapping  levels  located  approximately  0.8  eV 
above  the  valence  band. 

1  8.  Goldstein  and  S.  S.  Pertmao.  Paper  AM,  this  meeting. 

AD  12.  Dislocation  Degeneracy  in  Heavily  Doped  Germanium 
and  Silken  Single  Cryetak.  G.  H.  Scsrwvma,*  IBM  East 
Fishkii,  ado  R.  Gunn,  IBM  Watson  Rtsmrth  Centsr. — 
Recent  investigations  of  dislocation  structures  in  heavily 
doped  silicon  single  crystals  report  definite  ranges  of  donor- 
impurity  concentrations  in  which  dislocations  become  de¬ 
generate.1  Consequently,  it  should  be  possible  to  grow  heavily 
doped  e-type  ailicon  crystals  diskteationfree  without  any 
special  precautions.  This  conclusion  is  not  consistent  with  the 
model  outlined  by  Dash  foe  dislocation  propagation  in  high- 
resistivity  silicon  crystals  and  also  not  consistent  with  the 
experimental  finding#  of  Patel  et  at.  tot  heavily  doped 
germanium  crystals.  In  view  of  the  important  consequences  of 
Mil’vidskii's  work,  the  perfection  nf  heavily  melt-doped  *- 
and  p-type  silicon  crystals*  is  investigated  through  x-ray- 
diffraction  microscopy.  Test  samples  sre  cut  parallel  to  the 
pull  axis  and  Urge-area  x-rxy  topographs  are  recorded.  Our 
measurements  confirm  for  silicon  Patel's  work,  p-type  silicon 
crystals  ere  essentially  free  of  dislocations,  while  in  e-type 
crystals  dislocations  are  present.  The  topographs  alto  reveal 
impurity  itriations  and  strong  impurity  cores  inside  the 
crystals. 

•  Wart  sunnortni  br  th*  U.  S.  Air  Fare*. 

’  M  G  Mll'vtdskll  n  el..  Sovtrt  Phr».-6olld  sure  a,  Itot  (IMS). 

*  Crystals  kladlr  sapptM  br  tbs  Shocklsr  Lsbcrstorr,  F«lo  Alto.  Csllf. 
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AEO,  Comparison  of  the  Scattering  of  1200-MtV  Electron! 
and  Positrons  from  Protons,*  R.  L.  Anderson,  Bruno 
Borgia,  and  J  VV.  iJi'.Wise,  Cornell  l/nivtrsity. — An  electron 
or  positron  beam  with  a  10%  momentum  spread  is  obtained 
from  lite  Hrcnssstrahiung  learn  of  tiie  Cornell  synchrotron 
by  using  a  system  of  magnets  to  select  and  focus  meinlicrs  of 
electron  pairs.  The  Iicam  passes  through  a  thin-wail  45-cni 
liquid-hydrogen  target  to  a  quaniameter  for  monitoring. 
Scattered  electrons  ami  recoil  proton*  in  coincidence  are  ob¬ 
served  in  spark  chambers  placed  on  either  side  of  the  beam. 
The  polar  angle*  of  pair*  of  coplanar  tracks  are  fitted  to  the 
scattering  kinematics  to  select  events  of  elastic  scattering. 
The  system  in  designed  to  eliminate  insofar  as  possible  any 
differences  in  the  detection  of  positrons  and  electrons,  in 
particular,  the  problem  of  distinguishing  between  scattered 
positrons  ami  positive  pious,  which  was  present  in  the  Stan¬ 
ford  experiments,1  has  been  avoided.  Analysis  of  a  run  yielding 
5200  elastic  scatterings  in  the  interval  10<9*<20/-1  shows 
the  two  cross  sections  to  be  equal  within  statistics.  Additional 
data  are  being  obtained. 

*  Work  mtiiwtwl  in  part  by  the  National  Scirnrr  Foundation. 

1  A.  Ilrowman.  l\  Liu.  ami  i\  Schaerf,  Phyi.  Rev.  B1J9,  Wl9  (1963). 

AE10.  Comparison  of  Wide-Angle  Electron  Pair  Production 
with  the  Predictions  of  Quantum  Electrodynamics.*  E. 

IlISKNIIANDLF.R,  J.  FEIGENBAUX,  N.  B.  MlSTRY,  P.  J.  MUSTEK, 
I).  R.  Rust.  A.  Silverman,  C.  K.  Sinclair,  and  R.  M. 
T/.lman,  Cornell  University. — The  photoproduction  of  electron 
pairs  has  i>een  studied  at  several  photon  energies  ranging 
from  SIX)  to  1800  ‘‘•IcV.  using  a  large  uniform-field  magnet 
and  spark  chandlers.  Tlte  c*  and  t  production  angles  accepted 
by  the  apparatus  ranged  from  6*  to  10*.  The  momentum 
acceptance  of  the  magnet  and  the  brcmsstrahlung  peak  energy 
were  varied  in  such  a  way  as  to  keep  their  ratio  constant.  A 
comparison  is  made  with  quantum  electrodynamics.  The 
deviation  from  Q.E.D.  observed  by  Blumenthal  el  of.1  would 
lead  to  an  approximate  discrepancy  of  15%  in  the  energy  range 
of  this  experiment.  Analysis  of  the  data  is  in  progress  and 
results  ate  presented. 

*  Work  in  »>»rt  hv  thr*  National  Seiner  Fomviaiion, 

1  R.  W.  H»uinc«H»al  ft  si.,  Pl.ys.  R«v.  Let let  14.  66?  (19©S). 

AEll.  Muon-Proton  Elastic  Scattering.*  H.  von  Bkikskn, 
Jh.  (introduced  by  T.  Yamanouchi),  R.  W.  nL*.swOKiii,t 
A.  C.  Mi-xissinos.  J.  H.  TinlOt.I  T.  Yamanouchi,  University 
of  Rochrsicr,  L.  M-  Lkhkhman,  M.  j.  Tannf.ndmjM  Columbia 
University,  U.  I*.  Cool,  and  A.  W.  Maschke,  Brookhawn 
Nalionn'  laboratory. — Preliminary  results  of  the  Brookhaveiv- 
ColumbiiV-’ Rochester  muon-proton  elastic-scattering  experi¬ 
ment1  have  been  reported  for  4-mcmcntum  transfers  of 
g*-*l2  —  31/"1.  We  pre«*cnt  here  the  results  for  the  low* 
momentum  transfer  region  (fl* -8  — 19/”1).  The  purified  muon 
beam  from  the  AGS  havinR  momenta  p"  1.5  —  6.0  Be V/c 
was  incident  on  a  6-ft  liquid -hydrogen  target,  Both  incident 
and  scalicrcd  muon  tracks  and  the  recoil-proton  track  were 
photographed  in  spark  chambers.  The  recoil-proton  energy  was 
measured  by  its  range  in  a  hcavy*p!ate  aluminum  spark  cham¬ 
ber.  Of  nlxjut  28  000  triggerinff  events,  we  have  identified 
alxxit  900  clastic  events.  The  differential  cross-section 
(Urfdq  is  presented.  It  is  compared  with  the  results  of  the 
high-momentum- transfer  rim  as  well  as  with  e-f>  scattering 
data* 

*  Work  nuit]  tor  ltd  in  part  by  tlie  U*  8.  Atomic  Ener§  y  Coaimlwion. 
t  Prevent  atldre**:  Umv,  Wsatiipfton. 

2  IJeceaned. 

|  Prevent  atldrera:  CERN.  Geneva. 

1  R.  Cool  ft  at.,  1’liy*.  Rev.  Let  tern  14.  724  (1*>6S). 


AE12.  Pkm  Form  Factor  from  EJoctroproductioo.*  VV.  W. 
Aa«  (introduced  by  K.  Beffceimac),  C.  VV.  Akkklof,  K. 
Bitaiciu.it am.  amd  C  A.  Uchtemotun,  Con$U  UntittM>\~* 

We  have  l>ccn  using  the  circulating  electron  «*f  the 

Cornell  2-<#eV  synchrotron  and  sin  interna!  luptiil-liyflrogrn 
target  co study  the  reaction  e+p  —*  c ■+*«  *f  » r.  Mm*  tudaMtr.jllv' 
sea  tiercel  electron^  arc  momcntum-aualyzeff  in  a  qu.ulnipoU* 
magnet  and  detected  by  tdescoj»c  t-*f  scim  ilia  tors  fullowi**! 
by  a  le»n!-g!.i*s  Cerenkov  counter.  Klccirunnuhiial  pi«m« 
endued  along  ike  dectron-momcnuina-tr.itr-fcr  ilircrtion  are 
atialy/et!  in  u  similar  magnet  and  detected  in  coiuri«lcuce  by  i 
scintillator  telescope.  The  transverse  .»ml  lnngijudiu.il  virtu. »i 
photon  contributions  to  the  tWCtroprtMl*i':*wu»  yield  -l.rC 
separated  by  taking  data  for  corresponding  4-mnmenf* 
transfer  fc*  and  pion-nuclcon  c.tn.  energy  Iv'at  sever. d  differ 
electron-scattering  angles  between  I5*am!  S5°l.ib.  Hata  ha,  , 
been  taken  uf  -i1  -3.0  F~»  and  IF- I  >00  and  I.KKlMcV.  The 
longitudinal  contribution  is  interpreted  so  as  to  place  experi¬ 
mental  limns  on  the  pion  electromagnetic  forn-  factor. 

•  Work  supt^orttd  in  nail  by  the  National  Science  Foundation. 

AE14.  Electron-Induced  Cascade  Shower*  in  Copper  and 
Lead  at  1  BeV.*  Walter  Rali-ii  Nelson,  Richard  C. 
McCall.  Josi-:;‘ii  K.  Comh.  and  Theodore  M.  Jknkiss, 
Stanford  Linear  Arceteroinr  Center. — The  longitudinal  and 
radial  development  of  eleclron-phoion  showers  has  liecit 
measured  in  rop|>er  and  lead  at  1  BeV.  A  new  technique, 
descrilwd  in  an  cariicr  paper,1  using  the  thermoluminescent 
property  of  l.il'  lias  been  employed  to  measure  energy  deposi¬ 
tion.  The  resultant  radial  distributions  and  transition  curves 
are  compared  with  Monte  Carlo  calculations  ami  oilier  ex¬ 
periments  The  fraction  of  incident  energy  that  leaks  out  of  a 
cylinder  of  radius  r  (radiation  lengths)  is  plotted  against 
r-j,  where  ..  is  t lie  Critical  energy  of  the  absorbing  material, 
and  it  is  observed  that  most  of  the  existing  statistical  and  ex¬ 
perimental  data,  including  'hi*  experiment,  (all  on  an  empiri¬ 
cal  curve — regardless  of  incident  energy  01  choice  of  absorber. 

♦  Work  •po»*ofpit  lv  ilir*  U.  5  Atomic  Kr.erjty  Commission. 

»  T.  M.  Jenkins  ft  al,  Nuel.  Method*  (to  bit  publtalird). 

AEf5.  Search  for  Dir*c  Monopole*  Produced  by  the  Cosmic 
Radiation.  \V.  C.  CaritiiErs  (introduced  by  R.  K.  Adair)  and 
R.  j  Stki-anski,  Yale  University  and  Ilrookhaven  National 
iMlroralory The  simplest  model  of  an  electric  charge  and  a 
magnetic  monopulc  violate*  time-reversal  invariance.  Since 
the  Fitch-Cronin-Turlcy  elTect  suggests  that  time-reversal 
invariance  is  violated,  it  appeared  desirable  to  conduct  a 
further  March  for  heavy  magnetic  monopoles.  The  negative 
results  of  such  a  March  allow  u*  to  place  an  upper  limit  for 
the  flu*  of  monopofet  In  the  atmosphere  at  RSJXIO-1* 
inanopoles/cm*  -  tec.  The  experimental  design  i*  similar  to  that 
of  Malkua.  Monopoles  created  by  cosmic  rays  high  in  the 
atmosphere  diffuse  along  the  geomagnetic  field  lines  and  are 
accelerated  ind  focused  onto  a  nuclear- imulefon  rack  by  a 
large  solenoid  magnet  (peak  held  - 13  kG,  magnetic  moment 
—  1.3X10*  G/cm*).  Tf*  final  trajectory  it  defined  by  coin¬ 
cidence  counter*  and  a  *ps*k  chamber.  Assuming  a  specific 
model  for  monopole  production  by  very  high  energy  nucleon- 
nucleon  colltaion*,  we  convert  our  ret*  into  *  cross  section. 
For  •  15-BeV/s*  monopole,  r$M0-«em*,  or  I0-*  (*/Mcps)*. 
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AHI.  Spectroscopy  of  Interstellar  Grains.  F.  M.  Johnson, 
F-Udro-i' Systems. — Distinctive  but  previously  un¬ 
recognized  patterns  corresponding  to  vibrationai-enecgy 
reparations  within  electronic  bands  have  been- identified 
among  18  diffuse  interstellar  tines.  Such  patterns  will  facilitate 
the  search  for  the  chemical  origin  of  the  lines.  Since  there  is  a 
known  cot  relation  between  the  strength  of  these  absorption 
lines  am!  stellar  reddening,  it  is  believed  that  they  have  their 
origin  in  interstellar  gains  Thus,  assignments  of  the  lines 
may  be  tantamount  to  a  partial  chemical  identification  of  these 
gains  Each  of  the  18  lines  falls  into  one  of  three  group*.  The 
1st  and  2nd  groups  occur  in  the  vicinities  of  4400  and  6100  A, 
respectively,  with  the  former  the  more  diffuse.  Both  of  these 
groups  ere  comprised  of  a  set  of  3  tines  with  wavenumber 
separations  of  556  and  1568  cm*1.  The  remaining  12  lines  fell 
within  e  3rd  group,  also  near  6100  A,  whose  mean  wavenumber 
separations  can  lie  sorted  into  226  cm-1  or  multiples  thereof. 
A  discussion  is  given  of  various  types  of  chemical  species  that 
appear  most  likely  to  be  identified  with  these  correlations. 

AH2.  Inhomogeneous  Cosmological  Expansion,  Q assist ellsr 
Sources,  and  Qusslstellar  Galaxies.  Y.  Nb’eman,  TeJ-Avit 
University. — We  discuss  the  hypothesis'  that  quasistellar 
radio  sources  are  fed  by  the  decay  of  high-energy  particles, 
produced  in  superdense  condirions  corresponding  to  the 
cosmological  preexpnnsion  stages.  These  are  independent 
cores  whose  expansion  has  iagged  behind  Some  comments  sre 
made  with  respect  to  the  possible  rdle  of  quasistellar  galaxies 
snd  the  hypothesis  of  on  oscillating  model. 

1  I,  Novikov,  Anrooom-  J,  (USSR,  *1.  in?*  0904). 

AHJ.  Scattericg  of  Slow  Elections  by  Enhanced  Ion  Waves 
near  the  Oeosntgnetk-Fidd  Boundary.*  Aharon  Eviatar, 
University  of  Maryland. — The  scattering  of  iow-energy  elec¬ 
trons  by  ton-plasma  oscillations  in  a  stable  plasma  containing 
both  auprathermai  particles  and  a  current  is  considered  using 
the  linearised  Balescu-Lenard  equation.  The  time  required  for 
such  waves  to  scatter  particles  through  90*  is  estimated  and 
compared  to  the  Coulomb  scattering  time.  This  tims  trill  be 
short  as  compared  to  the  Coulomb  time  or  other  wave- 
particle  scattering  times  for  slow  particles,  if  conditions  exist 
that  inhibit  Landau  damping  of  ton  waves.  This  con  explain 
enhanced  diffusion  of  slow  electrons  across  surfaces  of  dis¬ 
continuity  in  the  Earth’s  magnetic  field.  Serbu*  has  observed 
1-  to  2-eV  electrons  whose  density  distribution  shows  no 
marked  variation  at  either  the  magnetopause  or  the  shock 
wave.  We  suggest  that  this  is  a  result  of  scattering  by  ion  waves 
excited  by  the  observed  fast  particles  coexisting  with  the 
plasma.  The  electrostatic  oscillation  spectrum  ha*  resonances 
at  the  electron  and  ion  plasma  frequencies.  Observations  of 
temperatures  and  flow  velocities  In  the  transition  eon  •  indicate 
that  the  conditions  required  by  this  theory  ere  satisfied  with- 
c-ut  attaining  the  extreme  value*  required  for  instability  of 
Ion  modes. 

•Wort  supported  In  part  by  the  National  Aeronautics  and  Sparc  Ad- 

mtnhnrxtton.  .  . „ 

1  G  V  Serbu.  5 r*<t  Kiittrik  (North  Holland  Pvbt  Co.,  Amslefdim, 
1963),  Vot.  5. 


base  ol  the  exosphere.  Results  of  (be  calculation  reveal  that 
the  “total"  hydrogen  content  of  the  atmosphere  above  120 
km  is  increased  by  a  factor  or  t.l  to  ~2,<J  in  the  range  of 
temperatures  considered  ( IO(W*-25tW*K).  The  higher  hydro¬ 
gen  abundance,  as  weii  as  the  greater  amplitude  of  variation 
with  temperature  appear  to  come  closer  to  an  explanation  of 
the  observed  Lyman  a  radiation. 

*  National  Acsitay  of  Sctcscs-Nsiieni  It  marts  Connell  BeddeSI 
Bauch  AkSU. 

AHS,  HR  Probability  ol  latsrplaoaiary  Oast  Psrtkiss  in  (ha 
Vicinity  el  Earth,  j.  WitMAstaRtme,  Ham  raijuctnic  IsuKhtU. 
—The  advent  of  vehicles  into  space  has  brought  info  sharp 

focus  some  of  the  hazard  problems  to  be  surmounted.  One 
among  these  many  problems  is  interplanetary  dust  particles 
and  the  hazard  that  it  presents  to  spacecraft-  In  this  regard, 
the  question  always  arises  ns  in  the  probability  that  the  body 
will  be  hit  by  interplanetary  dust  particles.  An  attempt  has 
been  marie  here  to  answer  some  of  these  questions,  at  least 
in  a  preliminary  way.  The  probability  fi(xi  that  a  hit  will 
occur  exactly  x  times  in  time  interval  l  is  given  by  p(x) 
«(4*e"Vxl),  where  8  is  the  average  number  of  hit*.  General 
expression  of  8  is  4  — vtl ,  when  *  is  the  cross-sectional  area  of 
the  vehicle,  t  the  time  interval,  and  f  Is  the  omnidirectional 
intensity  of  tha  particle.  A  preliminary  Computation  shows 
that  these  hit  probabilities  are  very  small  unless  it  is  encoun¬ 
tered  by  a  stream  of  dust  part  teles. 

ESI.  Binding  Energy  of  the  Nucleus.  Olive*  K.  Manual 
(Introduced  by  James  Paul  Wesley),  University  of  Missouri, 
Holla. — The  nuclear  binding  energy  of  the  nuclide  (Z.A)  is 
presently  defined  at  Its  stability  relative  to  (A-Z)  neutron* 
and  Z  hydrogen  atoms.  This  definition  result*  from  a  model 
where  the  Yukawa  exchange  interaction#  are  ignored  and 
tha  nucleus  is  assumed  to  be  composed  of  Z  protons  and 
[A~Z)  neutron*.  The  reeulting  binding  energies  of  different 
nadidec  sre  calculated  relative  to  different  standards,  except 
in  the  special  case  where  their  assumed  neutron  iproton  ratio* 
are  identical.  Thu*  a  comparison  of  the  binding  energies 
of  the  different  nuc'ide*  has  little  or  no  meaning.  Since  the 
Weixstclcer  equation  considers  only  the  intrinsic  stability 
of  the  nucleus  due  to  force*  acting  between  the  nucleon*,  this 
cannot  be  used  to  calculate  the  binding  energy  as  presently 
defined,  It  is  therefore  proposed  to  define  the  (raiding  energy  of 
tiw  nuclide  ( Z,A )  as  it*  stability  relative  to  A  neutron*.  The  re¬ 
mits  of  the  two  definitions  of  binding  energy  are  diacuaesd. 

1B2.  Comparison  of  Theoretical  Intern sJ-Coartraioa  Coef¬ 
ficients  for  Magnetic  Multi  pots*  (Z  -  39).  C.  P.  Biiaua,* 
University  of  Alabama,  lluntsvsll*. — New  calculations  of 
internal -con  version  coefficients  for  A— 0.15  me*  have  been 
completed  for  the  magnetic  multipoles  for  2-39.  The  present 
calculations  are  based  on  the  following  realistic  model.1 
Atomic-screening  effects  both  for  continuum  and  the  bound 
states  are  included  by  sell -consistent  Hartree-Fock  treatment 
and  the  finite  nuclear  sire  effects  are  also  included.  The  results 
of  present  calculation*  are  compared  with  those  of  Rase*  end 
of  Sliv  snd  Band.1 


AH4.  Distribution  of  Neutral  Hydrogen  above  120  km. 
Mordf.hA!  LiwsRITI,'  NASA-Gaddard  Spare  Flitkt  Center.— 
Results  of  *  new  study  of  the  hydrogen  distribution  in  the 
thermosphere  are  presented.  These  are  based  on  a 
the  diffusion  equation  for  a  minor  constituent  through  an 
ambient  stationary  atmosphere,  taking  into  account  the 
effect  of  evaporative  loss  in  slowing  down  the  effusion  at  the 


•  Work  *i  eroded  In  part  by  (he  National  Aeroaaatlc*  and  Space  Ad. 

ministration. 

1  C.  P.  Ilhtlla.  In  Intranet  Conmntvn  Profiii.J.  H.  Hsmttttm.  Ed.  (10  b* 
P.  BKoitn.  Coni.  Ntiei.  Psrttck  rhys..  Sept.  l*a>,  UveraooL 

■me  Ray  J|«m«spi 


lion  in  the  published),  C.  p.  Shall*,  t.'onf.  Nod.  Particle  Phrs..  B 
solution  of  '  kt  8.  Row,  Journal  Conversion  CaefUtmis  (1951). 
solution  ot  ,  L  A  j,,,  >ml  ^  Beit-  ist  fiw 

(19*3). 
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EB).  Theory  *f  Low-Lying  Spectra  of  Odd-Maa*  HotW. 
A.  t.  Shk  swoon,  University  of  California,  La  Jolla,  and  A. 
Goswami,*  Writer*  Helena  Unmeet iiy. — The  Jow-lyitig  states 
of  an  odd- mans  nuclei  lire  considered  to  be  states  of  an  odd 
(qna»i>  particle  strongly  coupled  to  an  even-even  core.  The 
quanipartkle  Hamiltonian  is  obtained  by  performing  tbe 
Bogoiiubov  transformation.  Tbe  coupled  linearised  equation 
for  tbe  atnpiitude  of  excitation  of  the  states  of  the  odd-mass 
nuclei  are  obtained  by  considering  tbe  equation  of  motion  of  a 
quaaipartiefe  employing  an  expansion  in  terms  of  a  complet* 
set  of  states  of  the  even-even  core.  Hits  procedure  yields  a 
Hcrmitian  matrix  in  contrast  to  the  higher  random-phase 
approximation,  which  gives  non-Hermitian  matrices.  The 
states  of  the  core-even  erne  are  treated  by  tbe  (quasi)  Boson 
approximation.  Numerical  calculations  are  presented  and 
discussed. 


KB6.  Appticatfoai  of  the  Neutron -Proton  Pairing  Theory.* 

H,  T.  Chen  (introduced  by  L.  S.  Kisslingcr)  asm  A.  Goswami, 
H  eitern  Reserve  University — The  i'nl-Cuawarnt  method  is 
applied  for  the  calculation  of  neutron  proton  (*-/.)  p.iir 
correlation  effects  in  the  nuclei  of  Ni-Zn  region.  It  is  shown 
that  the  n-p  pair  correlation  effects  are  important  only  for 
nuclei  of  A  $70.  t  'cresting  results  arc  obtained  for  odd-mass 
nuclei,  where  the  features  of  the  low-lymg  states  can  he  ex¬ 
plained  as  an  interplay  of  tbe  relative  Fermi  energies  of  the 
neutron  and  proton  and  the  n-p  pair  correlation  effect.  The 
most  spectacular  results  are  achieved  for  the  odd-mass  Zn 
and  Ga  isotopes  where  the  theory  predict*  very-neaf-lying 
levels  of  same  j  as  observed  experimentally.  For  the  even-even 
nuclei,  the  effect  of  quadra  pole  forte  is  also  included  and  good 
agreement  is  obtained  with  experimented  data  as  regards  the 
1st  l*  existed  states. 


*  Work  Ittrdotiy  tuDDOttcd  by  the  Nations!  Science  Foundation. 

EB4.  Theoretical  Investigation  of  the  Nuclear  Properties  of 
the  Odd-Mass  Pm  Nuclei.  T.  F.  O'Dwyes.  and  D.  C.  Cbcud- 
huky,  Polyttcknic  Institute  of  Brooklyn. — Tbe  theory  of  the 
intermediate  coupling  approach  in  the  unified  nuclear  model1 
is  applied  to  analyte  the  low-energy  nuclear  properties  of  the 
odd-mass  Pm  nuclei.  For  this  purpose,  it  is  assumed  that  the 
last  odd  proton,  having  available  the  If?/*  and  2dut  states,  is 
coupled  to  the  collective  surface  vibrations  of  the  even-even 
core.  The  resulting  Hamiltonian  oi  the  coupled  system  is 
diagonalized  including  all  states  with  up  to  3  phonons  of  the 
quadrupole  vibrations.  With  reasonable  values  for  the  coupling 
strength  *nd  for  the  "effective”  spacing  in  energy  between 
the  cm  and  lut  states,  the  calculated  energy  levels  are  in 
good  agreement  with  the  recent  experimental  data.*  Other 
nuclear  properties  are  also  calculated  and  compared  with  the 
available  experimental  data. 

1  A.  Rohr  sad  B.  R.  Mottelsse,  Met.  Frs  Medd.  Dsa  Vld.  Selsk.b-  27 
No,  te  (!»M) ;  D  C.  Choudhury,  Oil,  No.  *  (1954). 

'  K.  F.  Gai.ln.tlum  sod  M.  C.  Joshl,  rhjs.  Rev.  BUS.  »7  (IW4);  D.  B. 
Fossae  U  si,  iM  BI40.  i  ,1963);  W.  M.  Ctlrrlr  sad  P.  W.  Doussn,  Nod. 
Phys.  tl.  Ml  (1965);  C,  H.  Chin  sod  R.  G. .  . 


,  Ants.  iM.  «5.  235  (IMS). 


EBS.  Zero-Range  Surface  Interaction  for  Closed-Shell  Nuc¬ 
lei.*  J.  LeTourneuX  and  J.  M.  Eisenbexg,  University  o} 
Virginia. — Recently,  it  has  been  suggested'  that  a  zero-range 
surface  interaction  may  be  appropriate  for  the  description  of 
low-energy  spectrum  of  nuclei.  Such  a  force  ie  used  here,  to¬ 
gether  with  the  particle-hole  formaliem,  to  discus*  excitation* 
in  closed-shell  nuclei.  This  leads  to  considerable  simplifica¬ 
tion*  in  comparison  with  conventional  treatments,  since  tbe 
diagonal  iution  of  large  secular  matrices  is  replaced  by  the 
solution  of  dispersion  relation*.  When  isospin  is  a  good  quan¬ 
tum  number,  tbe  formalism  is  essentially  the  tame  as  that 
developed  by  Goswami  and  Pal.'  The  model  ie  tested  by 
applying  it  to  the  light  nuclei,  and,  in  addition,  a  detailed 
study  of  Pb**  is  presented.  The  results  compare  quite  favor¬ 
ably  with  those  obtained*. using  a  more  realistic  interaction. 
In  particular,  the  positions  of  calculated  levels  below  4  MtV 
agree  to  within  better  than  0.1  MeV. 

•  Work  supported  In  part  hr  the  U.  S.  Atomic  Ensrsv  Commission  Grants 
(ram  ths  Nstlonsi  Science  round. tier  snd  (ram  Rem'th  Corporation  (or 

Bay*  Rev.  bus,  nrso 

•  A.  Co«w*mi  M.  Y,  Pm).  Nud*  Pb y*  33.  544  (IWI. 

*GUIM,  GrtCfl.  ai.4  SsadeffaMh,  Phy*.  Lctttva  II,  44  (1964). 


*  Work  (supported  in  part  by  the  National  Science  Foandatton- 
1  M.  K.  Pal.  in  ProtitdirngM  af  Lorn  Em>ty  Co+ftrtmj,  Bombay.  I9SJ  f Atomic 
Kner|y  Commb*loo.  Government  of  India  I9dJ);  A.  Goawmmi,  Nltcl* 
Phy  *_«*),  22t  419*4). 


EB7.  Nudeon-Nudeon  Force,  Single-Particle  Energies  snd 
Effective  Interaction  for  O"  and  F".  T.  T.  S.  Kito  and  C-.E- 
Brown,  Princeton  University. — Using  the  reaction-matrix 
theory,  the  Hamada-Johnston  potential'  was  used  in  cal¬ 
culating  the  properties  of  0"  and  F".  The  reaction  matrix 
element*  were  computed  using  the  separation  method1  for 
SE  and  TE  potentials,  and  reference  spectrum  method1  for 
SO  and  TO  potentials.  The  Vi(Q/e)  V(  contributions  for  TE 
tensor  potential  were  computed  using  the  closure  approxima¬ 
tion.1  Dispersion  and  Pauli  correction  terms  were  investigated, 
but  not  included  in  the  calculation.  Using  the  linked  cluster 
perturbation  formalism,  single-particle  energies  of  1  d,/». 
25|/»,  and  Hsu  were  obtained  by  letting  flic  valence  neutron 
interact  with  the  0"  core.  Results  were  very  encouraging.  The 
doublet  splitting  was  found  to  come  overwhelmingly  from 
the  TOf-t  force  through  the  1st  mder  H-F  process.  The 
spectra  of  O ■*  and  F"  were  obtained  by  diagonalizing  the 
effective  interaction  Gu(  —  Gn„)  jn  the  s-d  sheli.  Among  the 
extra  configurations  taken  care  of  by  the  wave  operator 
Ox.  the  3p-ik  core- polarisation  processes  were  the  most 
important.  Resulting  spectra  were  fairly  satisfactory  tor  0" 
but  lew  satisfactory  for  F". 

■  T.  T.  B.  Km  aad  G.  K.  Brain,  Fhya.  Latest*  It.  54  (19*5). 
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